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Vlru» (HIV) infections. 

The prl„ary l«unologic abnormality re.ulting fro. 

\ HIV 1. th. progr.»lv. depl.tlon and functional 
infection by HIV 1. th. pr g 

, „r a f T lymphocyte, expr.a.ing the CD* 
impairment of T lyp 7 lBBUlM ,i. i:*77 (19851). 

glycoprotein (H. Lane « «!• . Aim. Rev. I~ * 
£ 1. * non-polymorphlc glyeop.rot.ln with homology ^ to th 
globulin .uP«f«ily (P- Maddon .c ^. 

f 19851) Together with the CDS .urf.c. antigen. CD* define, tw 
"i t .ub.et. of mature Peripheral T cell. (.. Ui-n .* ■ 
1 ,1:821 (1980,). which ere distlngul.hed by their ability to 
in LI with nominal antigen target, in th. context of class ^ 
las. II -)or histocompatibility complex (MHC) antigen . 

Jl.man ec .1.. J. 1—1. lll:»U* (1981,-. H. " 

xlnol. 122:1563 (19821; W. Biddi.on .c al.. J. Exp H.d. 1*.1063 

and 0. Wild. .C .1.. J. 1— Ul:I17i (1983,). For the 

1st art. CDt T cell, display the h.lper/lnducer I cell phenotype 

(E Llnherz. mut) . CD4 T cell, characterized as 

, - c . n . h . ve .l.o been identified (Y. Thomas 
cycotoxic/.uppre.sor T cell, have ax. 

.c .1.. J • ** P . M-d. 15^:459 (19811; S. K.u.r ec .1.. Proc. Nat . 
^cad Scl. USA 22^395 [19821: and A. Kr.nslcy .c ai.. Proc, Natl^ 
A ced. Scl . USA 22:2365 (19821). The lo.. of CD* help.r/lnducer T 
cell function probably underlies th. profound defects in cellular 
.nd humoral immunity leading to the opportunistic infections and 
.allgnancle, characteristic of the acoulr.d immunodef iciency 
syndrome (AIDS) (H. Lane fiiffliA) . 
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Studle, of HIV-I infection of fr.ction.ted CD4 end COS T 
c.U S fro. normal -or, - IX* P.cl.nts have r *« 
^etlon of CD4 T cells re.ult, fro. the ability of HIV 1 

, i 4„f.ec replicate in, and ultimately destroy this T 
selectively infect, replies M9841) 
lytt phocyte subset (0. « .1- Science 22*.59 [1984 >^ 

impossibility that C04 itself is an ...ential component of he 
iLr receptor for HIV-I was first indicated by the . serva 
that monoclonal antibodies directed against CO* bloc. HIV 
action and syncytia induction (A. Oalglelsh et . . . . 
[London] 212:767 [1984]; J . HcOoug.l « .2.. J- I-u-1- 

This hypothesis ha. been confirmed by the demons tr at on 
L a -leculer complex form, between CO. and gpUO. the ma or 
envelope glycoprotein of HIV-I (J - McOougal «C .2-. Science 221-382 
,1986]: and the finding that HIV-I tropi.m can be conferred upon 

„„ n .r»l S .lve human cells following the stable 
ordinarily non-permissive numan t1 o 86n 
expression of a CD. cOHA (P. Haddon ec a2., Cell 42:333 [1986]).. 
Furthermore, the neurotropic properties of HIV-I. reflected by a 
high incidence of central nervou. system dysfunction in HIV-I 
infected individual. (W. Snider er .2.. Ann. Neurol. 14:403 
[1983]). and the ability to detect HIV-I in the brain tl..ue and 
cerebrospinal fluid of AIDS patient. (C. Shaw .t a2.. Science 
m .m [1985]; L. Ep.t.ln. AIDS Res. 1:447 [1985]; S. Ko.nig. 
Science 211:1089 [1986]; 0. Ho ec a2.. N. Engl. J. Hed. 212:1498 
[1985- J Levy et a2 . . Lancet U:586 [1985]). appears to have its 
explanation in the expr.s.lon of C04 in cell, of neuro nal glial 
.nd monocyte/macrophage origin (P. Haddon. Cell 42:444 
F unite ez .2.. J. Exp. Hed. lfii:1230 (1986); B. Tourvi.ille ec a2 . . 
Science 224:610 [19861). 

in addition to determining the .usc.ptibillty to HIV-I 
Inf.etlon. the manifestation of cytopathic effects in the infected 
host cell appears to Involve C04 . Antibody to C04 -as found to 
inhlbi-- the fusion of uninfected C04 T cells with HIV-I Infected 
cells in vicro: moreover, the giant multinucleated cells produced 
bv this event die shortly after being formed resulting In the 
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., „ch.r vlr.l .c~c~r.X « J ' „.„„ jj^jm 

well as eventual cell death. uf- 

„f «everal critical entry points m «i 
constitutes one of several M it.uya ec 

cycle tenable to therapeutic intervention (H. 

Nature 225:7™ [1987]). 

Tfce known sequence of the CD4 precursor predicts a 
, oe*cide an extracellular region of 
hydr0 phobic signal pep eld.. hoblc 8tt .ceh with 

appr o*i*atelv 370 amino acids, a * ' q£ che class . 

^ , , nclcv co the membrane -spanning uo«* 
S igniflcant identity to lntr acellul.r sequence of 

U HHC beta chain, and a highly eh ■ * „cracellular 
.0 residues <P. Hadden. Cell "^J^ 85 ^ ^ h . vlng ^no 
. i,.*a» consists of four contiguous regions 

domain .. CD4 con u . nd Jotalng (V-J) 

acid and structural similarity 

domains of immunoglobulin light chains a, «U « ^ « 

U other members of the immunoglobulin gene «^ ^ ^ 

of which are defined herein by the coined term adhe 

.cruccur.Ur -l-"" ° f CDA *" 

V A domains (denominated 1-4 in Fig. 3). 

„ Since the CD4 adheson ordinarily binds to the 
ligand. Since cne ^ candidate for 

, f h. HIV envelope it would appear to be a cana 
«lte. of the HIV envel p blocking 

cells The presence of membrane components will 



PCT/USSS/03414 



WO 89/02922 



In 



10 



15 



20 



25 



30 



.« £ .c... i« ~u »• «• »— ■ *■ * £ °~ * : 

.H.«tl«. •• • th.r.p.uct« .1~. « *>—•••» 

vl d,.u t 1« b~«l». - " 1 " U ""' 

functionality. 

Accordingly, It Is an object of thl. Invention to produce 
soluble, .ecr.ted .dhe.ons . It Is another object to produce CD4 
derivative. u..ful in the treatment of AIDS «d related condition., 
in a manner essentially unaffected by the extreme degree of genetic ■ 
variation ob.erved among various HIV-I i.ol.c.s and their 
respective ^ polypeptide, (J.Cffin. .Cll !»••]). Still 

another object 1. to prepare adhe.on. fused to other polypeptide, 
in order to provide molecules with novel functionalities .uch a. 
chose described above for therapeutic use, or dl.gno.tic reagent, 
for the in Were a...y of adhe.on. or their Uganda. In 
particular, it is an objective to prepare molecule, for directing 
toxins or effector molecules (for example the Fc domain of 
i^unoglobulin) to cells bearing receptors for the adhe.on.. e.g. 
HIV gp!20 in the case of CI*, and for use in facilitating 
purification of the adhe.on.. I: 1. • further object to provide 
stable, highly purified adheson preparations. 

Th. object, of thl. invention are accomplished by providing 
nucleic acid encoding an amino acid sequence variant of an adheson. 
in particular a variant in which the trans -membrane domain is 
modified .o that it i. no longer capable of becoming lodged in the 
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I. the c... of CD** .«ch v.ri.nt. .r. t.».d »lubl. 



VerUnt .dh..on. .r. produc.d by . ^ 
< «L . host cell with nucl.lc .eld .needing « -1~ .eid 

from ly..t.« of the host c.ll. 

In .peclfic ..bodl*.nt.. th. obj.ct. of this invention .re 
u J by pro vidlng « .dh..on v.ri.nt ..leered fro. the 
.ceo-plLhed by P ng aMa ^ . c id ..ou.nc. variant 

::z c r . — » - « • i : f 

. -..on ^ T * «. - — * 

. polypeptide which 1. different fro. th. .dh..on. thi. Ue «. f 

. tTng PL- h.lf Uf -eh .. « l-uno 8 lobulln con.tant do«in. 

In . pref.rr.d «bodl»ent . polyp.ptide con.prl.lng . gp!20 
Mndlng d~l» of th. a* .dhe.on Is fus.d .t if C-t.r.lnus to « 

ilnoglobulln constant co..in, or is linked to . cytotoxic 
polypeptide such es ricin. 

The CDi .dheson v.ri.nt, provided herein .re purified .nd 

• .rcAnttble vehicles for 

for.ul.cd in ph.r».eologlc.lly .ec.pt.oi 

.d.inl.tr.tlon to p.ti.nt. in need of antiviral, n.uro.odul.tory or 
^o.odul.tory th.r.py. in p.rtlcul.r p.ti.nt. infected with HIV. 
«nd for us. in the .odul.tlon of cell .dh.sion. 

Fig. l-lc depict th. «lno .cid .nd nucl.otld. ..qu.nc. 
of . secreted for. of the CD* .dheson. The slgn.l processing site 

Is designated with an arrow. 
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^aa and nucleotide eequence 

soluble CD4 .dh..on, the native n 
«,Ur, h..vy ch.in-CD4 chi..r... 

. * .re . MP of the linker.* hua.« Igd <n> ch * ln 
£w .nt .nrploy.* 1» th. pr.p.r.tlon of C04 fu. 
are design* t.d 7 1 «d Fc. 

ru 5 1. . -P of the hu~n * light chain fr.g-.nt u-eful 
♦ in..* thl «rov fU-d by V . (UBht v.rl.ble .nd 
for CD*» fusion. *t tne i» 
joining) .nd C„ (Ught con.t.nt> . 

run nil nil mnr 1 - 4 "** 011 

M ceU .urf.ce polypeptide, h.vlng « 
Adhe.on. *re ceil -.-ber of the 

— - - to,::! 7 . . - ■ 

of .dhe.on, include GDI . CW ^ „ C . U 

ch.i~ of ' °* 2 ^ n yt . functl0 n ..,ocl.t.d 

.dhe.ion molecule. (I-CAH or w umi 7 , MCP . 3 ) poly-Ig 
, 3 (LFA-3) n.urocytopl..«ic prot.in (HCF-3). poly I 

.ntlg.n-3 (LFA 3). / eln (HAG ) . high .fflnity X|V 
receptor. B yelln-...ocl.t.d glycoprot 

receptor. the -Jor glycoprotein of £ . ctor . 

pl .t.let derived growth f.ctor «. ^ 

X receptor, -croph.ge Fc receptor. Fc g ^ 

— — — f . rTof 1 Lnoglobulln gen. 

h .vlns the ..,u.nc. . f . ^ ^ 

.up.rfuliy or h.vlng . »qu.nc ^ 
35 .ub.t.ntl.Uy the e«e (or . gre.t.r degree 
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t 1o „ „ . — b.r .f *• 1""" " ** 

a. - hi*. .m»i=y W r < 

. «l„ l. M«l«»X.tl, conc.r~. 1* »X~ ««U 

.„„.«=. «u- «» — • l " lu4 "" 

" ,h " 00 ' *Y /" .£ ch. for l« «~"»« 

. h.X £ 11*. I*—* *— — 

* , «i^xitu. .«d <». »~™ « 

>f 1U . - f . u „„ „ „ . - - 

following cU«t«« 



lMirtliM l «lno «ld ..qu.nc. v.rtanc. .r. cho.. in which 

„ » „«.1»1. $ w .. such .th.r flyp-pcld.. 

^.. e , «. . .If* « ^P ^ ^ ln ^ 

...cpUc* h.r.lh. » eont . lnt „ . 

4( Jh«»on »nd a polype, txo. 
comprl.. « »« tDBlu nologlc*Uy coBp.c.tit 

p.iwti*. i ... »» p »^ ma ^ u „ „. 

"l"U n -ch... which ~ «- hy .ll.r..o,. 
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_ . ^ a „i Ae t: 0 sl<U«e, viral polypeptide 

preferable that • ^ ^ ^..^ 

lBB unogenic sequence is joined § 
« c i«n or fragment thereof by a peptide bond(.). The. P 

Svich fusions are conveniently 
fragment thereof. Sucn ^« nHne 

« b-, c.U. or * - - - M*-*-* "'"Z^ 

*. =,...■"« « •* ,tb " l " d 1 

.cructurally homogeneous form. 

th... immunogenic insertions .re p.rcicul.rly useful when 
plated into . ph.rm.cologic.lly acceptable carrier end 
Mistered to . subject in order to r.i.e entibodle. against the 
.dhe.on. which antibodies in turn .re useful In diagnostic, or 
purification of .dhe.on by immuno.ff inlty " techniques known per se. 
Ilternatively. in the purlflc.tlon of .dh.sons. binding partners 
L che fused non-.dheson polypeptide, e.g. antibodies, receptors 
or Uganda, .re used to adsorb the fusion fro. impure 
. ft er which the fusion 1. elu.ed and. if desired, the adh.son is 
recovered from the fusion, e.g. by enzymatic cleavage. 

Other fusions, which may or m.y not also be Immunologically 
.ctive. include fusion, of the adh.son sequence with a signal 
, equ .nce heterologous to the adh.son, fusion, of transmembrane-^ 
.edified CD* adhe.ons. for example, to polypeptides having enhanced 
plasma h.lf llf. (ordinarily >«bout 20 hours) such as 
immunoglobulin chains or fragments thereof, and fusions with 
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* « oiclti StiCMl "quence fusion. «e .ployed in 

1, mlrtbl. f« a., 1. u».U.r .xpr...loi> 

pl „„ p r...l« *K* h.v. Pi— >»»-"<• 1«"S« 

l.. -PL- " - •^"^ ™° * 

biological activity. 

In « specific embodiment the adheson immunoglobulin- like 
oomain which may be homologous either co th. constant or to the 
variable region domains is conjugated with an immunoglobulin 
constant region ..cu.nce. The renting product, are 
herein as immunoadhe.on, . Immunoglobulins and certain variant 
thereof are known and many have been prepared in recombinant cell 
^eur. For example, see U.S. Patent 4.7*3.035: EP 236.654: 
P.ulkner .c al.. «.« 2*: 286 <»•*>: * 120.o94; EP 125.0^ 
t T ™ m 195-793 (1979); Kohler ec al . , P.N.A.S. USA 

atl« <!«.,; iU- « I- «— ' ^ 2 °" <"' Mi 

~i -j -91" fl984V Korrison. Science 
ec al.. Ann. Rev. Immunol. 2-23 W). n 

) p w a S USA 81:6851 (1984); EP 255.694. 
(1985): Korrison ec al . . P.N.A.S. us* 

EP 266 663- and U0 88/03559. Reasserted immunoglobulin chains also 
are known. See for example U.S. patent 4.444.878: WO 88/03565: and 
EP 68.763 and references cited therein. 

Ordinarily, the domains of adhesons that are homologous to 
immunoglobulins and extracellular in their native environment are 
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eh . N-t«r»inu3 of the constant region of 
fu ..d C-terminally co the t.r^ chereof> . 

Immunoglobulin. i» P 1 *; acelve hlnRe , CH2 and «3 domains 

« I 7 l^oglobulin heavy chain. This 

Df che constant ^ - ^ 4pproprUM DNA 

ordinarily I. ecco-pUshe* y r , COBblnAnt c .ll culture, 

"ouence end ? plasM half 

;rrr: :r — .r er u- — — - 

other adhesons In the s«e fashion. 

. o * the CI* V-llVce regions (VI- V4) 

which the initiating «t Is - . _ ^oglobulln 
* rh. CD4 V domains are fused to cne 

" " hlC " t JIT .r. f« *'"' 
b. • * » ^ b< „ UMi „ „ ri . r „ 

" \ \ »~ f— *" *• £ " io ' , • *" wr *: : 

the degree of secretion os the various 

following table demonstrates 
instance. the following Hr . lned by the method of 

. . i-h.c have been obtalnea oy 

immunoglobulin fusions that nave the CD4 

« m all examples of CDfc immunoadh.sons . the 

this invention. In all examp ^ _ 

„„ c „c ""•;; 1 ;;^ it! £om)i „ ch . 

th. nuab.r of p.r.nth.ticl ml" t .ll.v.a 

u „ m — *■« * » £ *■ - ; :, ^ 

, • i _ r up same tasnion 
- 0 be disulfide bonded In the saa 
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„ Th . CD4 i« N no.dh..on. typlclly e nul M d either 
iaBunoglobulitu. Th. CD4 l«wno igQ ^ 

i i residua* of CD* ^CU*4' * 

Table 1 



10 »v 7 ic 7 i 



X5 hCD^-aC* 
hCD4-mC 7 i 



20 



25 



hCD^-mC* + hCD4-iiC 7 i 



hCD4-hC„ 



KCD4-hC 7 i 



hCT^-hC* + hCD4-hC 7 i 



■VjcCfc and/or (nV w C K )2 
ND 

(mV K C (t )2(» V 7l C 7l ) 2 + 
mV^C* and/or (»V W C (C >2 

hCD4-mC K and/or (hCT* -»C JC )2 
NO 

(hCD4.aC x )2CViC04- a C 7 i)2 + 
KCD4-WC* and/or (hCD4 •■<:*) 2 

hCt^-hC* and/or <hCD4- hC*^ 
(hCD4-hC 7 i)2 

(hCD4-hC (t )2(^ CI)4 - hC 7l ) 2 + 
hCD4.hC K and/or (hCttt-hC*) 2 



30 



35 



★ND - Not datected 



(aV Jt C lc )2(WI>4-hC 7l )2 + 
iiV^C* and/or (aV^C*^ 



J^. —«««««- - »« *" «- <* 1 ' " Cl " 41 ' 
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.h.r.l. *• CI* .» J ^ „.„„«.„«.«. 

- h - in monoBcrt or diners , ana «• J 

v .h.in non-CW variable domain Is pre.ent. * 

light -heavy chain non 

het.rofunctlonal antibody thus is provided. 

Various exemplary hetero-and chimeric immunoadhe.on 

antibodies produced in accordance with this invention are 
antibodies p ^ portion of 

schematically diagrammed below. m. 

th. extracellular domain of an adh.son containing It. 
20 1 ding alte; V L . V H . C L .nd C H represent light or heavy chain 

liable or constant domain, of an immunoglobulin; n 1. - integer, 
and Y designate, a covalent cros.-linking -olety. 
(«) AC L ; 

AC H -lAC H . A C L -.C H , AC L -V H C„. V L C L -AC H . or ^-V**!. 
A C L -AC H -(ACh. AC L .AC H . AC L -V H C H . V L C U -AC H . or V L C,-V H C H ] 
AC L -V H C H -[AC H , AC L -AC H . AC L -V H C H . V L C L -AC H . or V L C L -V H C H ) 
V^-ACH-IAC, AC L -AC H . AC L -V H C H . V L C L -AC H . or V L C L .V„C H 1 ; 



25 (c) 
(d) 
(•) 
(f) 



30 



or 



35 



(g) [A-Y] n -[V L C L -V H CH]2- 

The .tructures shown In this table show only key features. 
. . they do not .how joining (J) or other domain, of the 
immunoglobulins, nor are disulfide bond, shown. These are omitted 
in the interest, of brevity. However, where .uch domains are 
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— r; — — — ' 

Are representative « *** 
w l„ .c«c~r.. ~«W r..ult by «P 7 ^..iobull. 

slzsl. ^. - — - • — 

antigen. 

Stable companion l«unoglobulln combining si». .nd 

IgA. IgE. IgO «r I* 1 - buC P" ferftbly l8C ' 1 - 

A preferred embodlmenc is . fusion of an H-cr-inal porcion 
of which conC Che binding -e for ' 

t !in of HIV co che C-cer^inal F c porcion of an anclbody, 

' \ e ch effeccor funcclons of immunoglobulin Cl . There are 

confining che effeccor ^ 
—.f-rred •mbodimencs of chls »orc, in 

Ptef " rr elon u fuaed t0 a porcion of CD4; in anoch.r. a 

r;:^:;!:;: 1 ;: — TTd - - 

cl.ev.ge .ice vhich define. IgC F c chemically (residue 216. caking 
TL re.1- of heavy chain conscanc region co be ll^c 

ec 4i -Seouence. of Proc.ln. of Immunological lncer.se" 4* Ed., 
8 '"or analogous sice, of ocher ^globulins) is fused co a 

porcion of CD*, the., e-bodl.enc. are described in che exiles. 

Kore parclcularly. chose varl.ncs in which on. or .ore 
lMun oglobulln-llV:e domain, of an adh.son are subscicuc.d for che 
Liable region of an immunoglobulin chain are believed co exhib 1c 
^oved in vivo pi- half life, these chimeras — ™ 

f-lon similar co chimeric anclbodle. in which a v.rlabl 
d0Mi n fro. an anybody of on. .pedes is 
variable domain of another .p.cies. See. for example. EP 
023; Hunro. Hacux. 312: (13 December 198,); Neuberger et .1.. 
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25 



30 



Sature I*. (13 Member 1H*,: Sharon .c 1. Nacu. £ £ 
lM 4>: Morrison « .1.. 'roc. Had. Acad. S«i. USA £1-685 685 
l9 . 4 >; Morrison at .1 • Science 222:1202-1207 (1985); and Boulianne 
c aI Nacre 112:6.3-646 (13 December 198.). The DNA encoding 
che adheson Immunoglobulin-Ulce domaln(s) Is cleaved by * 

5 Urictlon e-yme ac or proximal Co Che end of che OKA encod ng 

Che immunoglobulin- liVc. domaln(s) and at a poinc ac or near ch. DNA 
needing L N-termlnal end of che -cure adhe.on polyp.pclde 
^er. use of a different leader Is conceded) or ac or proximal 

L0 co ch. N-cermlnal coding region for che adn«on (where che native 

adheson signal 1, employed). This DNA fragment Chen 1. readily 
inserted Into DNA encoding an immune globulin Ughc or heavy chain 
constant region and. If necessary. tailored 
^agenesis. Preferably, this Is a human immunoglobulin when che 

15 varied Is intended for In vivo therapy for humans. DNA encoding 

lBffl unoglobulin light or heavy chain constant regions is known or . 
readily available from cDNA libraries or is synch.siz.d. See for 
example. Adam, ec .1 . . Bioch.ml.cry 12:2711-2719 (1980); Cough at 
«1. Biochemistry 12:2702-2710 (1980); Dolby .c «1 . . P.N.A.S. USA. 

20 21-6027-6031 (1980); Rice ec al.. P.N.A.S . USA 22:7862-7865 (1982); 

Falkner ec «1 . . Nature 224=286-288 (1982); and Morrison ec si.. 
Ann. Rev. Immunol. 2:239-256 (198.)- 

DNA encoding the immunoglobulin or immuno.dh.son chimeric 
chain(s) is tran-fected lnco a host cell for expression. If the 
host cell is producing an Immunoglobulin prior to tranafection ch.n 
one need only transf.ct with the adhe.on fused to light or to heavy 
chain to produce « h.t.roantibody . The aforementioned 

iamunoglobulins having one or more arms bearing the adheson domain 
and one or more arms bearing companion variable regions result in 
dual specificity for adheson llgand and for an antigen. These are 
produced by the above -described recombinant methods or by in vitro 
procedure,. In the latter case, for example. F(ab') 2 fragments of 
che adheson fusion and an Immunoglobulin are prepared, che F(ab')2 
fragment, converted to Fab' fragments by reduction under mild 
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also U.S. patent 4.444.878. 

MhodUt fro » Immunoglobulins having different 

;: r.v — - — - * 

. , OTVft of the previously employed 

tmmunoadheson chains for one or cne P 

Immunoglobulin* . 

in en alternative method for producing a heterofunctional 
antibody, host cells producing an adheson- Immunoglobulin fusion. 
eK transected myelomas, also are fused -1th » cell, or 
hyb ridom.s which secrete antibody having the desired companion 
specificity for an antigen. Heteroblfunctlonal antibody Is - 
recovered from the culture medium of such hybrldomas . and thus may 
be produced somewhat more conveniently than by convention*! In 
vitro resorting methods (EP 68.763). 

Another group of fusions are those In which an adheson Is 
conjugated with a toxic substance, e.g. a polypeptide auch as rlcln 
(including deglycosylated rlcln A chain), dlptherla toxin A. or a 
non-peptldyl cytotoxln. Where the toxin 1. a polypeptide It Is 
convenient to cross -link the polypeptide to the adheson or Its 
transmembrane-del.ted variant by conventional in vitro protein 
cross-Unking agent, (for suitable methods for Unking rlcln A 
chain or deglycosylated A chain to C04 see. for example. Duncan at 
,1 -Analy. Bloch.m." 122:68-73 11983]; Thorp, .e "Cancer 
Res." 42:5924 [19871; and Ghotle ec «!.. "Cancer Res." ^:2610 
[1988}) or by recombinant synthesis as a fusion (see for example. 
U.S. Patent 4,765,382). Alternatively, where companion antibodies 
are anti-ricln antibody Immunoglobulin variable domains, such 
immunoglobulin heteroantlbodles are employed to deliver ricin to 
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HIV infected cell, following the general procedure of Raso 
Cancer Research. 41:2073 (1981). 

mother clas, of adha.on variant, are deletional variants. 
Del etlons « characterized by the removal of one or -re a. no 

.eld re.ldue. fro- a Ty9t ^\ ^ 

L..hrane and cytoplasmic domain, of adheson. ar 
th e case of CD4, at least re.ldue. 368 to 395 (the transmemb ane 
in. and ordinarily 39,-433 as -.11 Uhe cytoplasmic domain). 
: U be deleted to obtain secreted for*, of this adheson. 
Parenthetically, the amino acid residues follow the numbers gWen 
for mature CD. a. noted, for example. In figures la - le Thus 

, , «««rellv will terminate in the vicinity of about 
CD4T molecules generally win. ««• 

residues 366-368. or at any other .uitable site N-terminal thereto 
Which preserves the gpl20-binding capability of the CD4 variant. 

Substitutional variants are those in which at least one 
residue In the adheson ..qu.nc. ha. been removed and a different 
residue inserted in its place. The native N-terminal residue for 
aacur. CD4 1. now known to be lysine. Thus, the sequence shown in 
Tig 1 with an N- terminal asp.ragine. is an amino acid sequence 
veriant of native mature CD4 . Table 2 below describe, 
substitutions which in general will re.ult in fine modulation of 
the characteristics of the CD antigen. 
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TABLE 2 



Ale 

Arg 
Asn 
A«p 
Cys 

Gin 

Clu 

Cly 

Hit 

He 

Uu 

Ly. 

Her 

Phe 

Ser 

Thr 

Trp 

Tyr 

Val 



••r 

ly. 

gin; his 
••r; el* 

MMXi 

asp 

pro 

asn; gin 
leu; val 
He; val 
*rg; gin; glu 
leu; He 
net; leu; tvr 
thr 
•er 
tyr 

trp; phe 
lie; leu 
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Substantial change. In function or immunological identity 
are made by .electing .ub.titutiotu that are le.. conservative than 
those in Table 2. i.e.. .electing residues that differ *ore 
significantly in their effect on maintaining (a) the structure of 
the polypeptide beckbon. in the area of the substitution, for 
example as t sheet or helical conformation, (b) the charge or 
hydrophobics of the molecule at the target sit. or (c) the bulk 
of the .ids chain. The substitution! which in general are expected 
to produce the greate.t change, in adheson properties will be those 
in which (a) a hydrophilic re.idue, e.g. seryl or threonyl. is 
.ub.titut.d for (or by) a hydrophobic re.idue, e.g. laucyl. 
i.oleucyl, ph.nylalanyl. valyl or alanyl; (b) a cysteinyl or prolyl 
i. substituted for (or by) any other residue; (c) a residue heving 
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an .lectropo.iciv. .id. chain, e.g.. ly.yl. "glnyl. or hi.cldyl. 
ls .ub.ticuc.d for (or by) an electronegative r.aidue. e.g.. 
glutamyl or a.p.rcyl; or (d) . re.idu. having . bulky .id* chain. 

ph.nylal.nyl. 1. substituted for (or by) one not having a 
side chain, e.g.. glycyl- 

A pref.rr.d cla.. of .ub.cicuclonal or d.letional variant, 
are chose involving the transmembrane region of the adh.aon. The 
trans.eabr.n. region of the adhe.on i. a highly hydrophobic or 
lipophilic domain that is the proper .ire to .pan the lipid bil.yer 
of the cellular membrane. It is believed to anchor the adh..on in 
the cell membrane. 

Deletion or substitution of the transmembrane domain will 
facilitate recovery and provide a soluble form of Che adhe.on by 
reducing its cellular or membrane lipid affinity and improving its . 
water solubility. If the transmembrane and cytoplasmic domains are 
deleted one avoids the Introduction of potentially immunogenic 
epitopes. either by exposure of otherwise intracellular 
polypeptides that might be recognized by the body as for.lgn or by 
insertion of heterologous polypeptides that are potentially 
ts«unog.nic. A principal advantage of the transmembrane deleted 
adheson ls that it ls secreted into the culture medium of 
recombinant hosts. This variant ls water soluble and does not have 
an appreciable affinity for cell membrane lipids, thus considerably 
simplifying its recovery from recombinant cell culture. 

It will be amply apparent from the foregoing discussion 
that substitutions. deletions. insertions or any combination 
thereof are introduced to arrive at a final construct. As a 
general proposition, all variants will not have a functional 
transmembrane domain and preferably will not have a functional 
cytoplasmic sequence. This ls generally accomplished by deletion 
of the relevant domain, although adequate insertional or 
substitutional mutagens also car. be effective for this purpose. 
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„U • « hoaopolynucletc * *«» 

SO .1. IT—- «*"— " P '"i\c " 

^ Uk. h^opMUc r..tdu... -hlch .U.,.ch.r «MMt . 

7 r ^ A v^-f-« This variant should al»o oe 

culture medium of recombinant ho.t.. Thi. van . 

considered to be an adhe.on variant. 

tt... variant, ordinarily are prepared by ait. .pacific 
^ene.i. of nucleotide, in the DNA- encoding the adhe.on. thereby 
producing encoding the variant, and thereafter expre..lng th 

DNA In recombinant cell culture. However, variant adhe.on. al o 
.re prepared by 1» vitro .ynthe.is. Obviously, variations made in 
che DKA encoding the variant adhe.on. must not place the sequence 
0UC of reading frame and preferably -ill not create complementary 
regions that could produce . secondary mR*A structure del.t.rlou. to • 
expression (EP 75, WA). The C04 variants typically exhibit the 
sa.se gpUO binding activity as does the naturally- occurring 
prototype, although variants also are selected in order to modify 
che characteristics of the CD4 adhe.on as indicated above. 

Vhil. the «lte for introducing an amino acid sequence 
variation is predetermined, the mutation per s. need not be 
predetermined. For example. In order to optimize the performance 
of a mutation at a given site, random mutagenesis -ay be conducted 
at the target codon or region and the expressed adhe.on variant, 
screened for the optimal combination of desired activities. 
Technique, for making substitution mutation, at predetermined site, 
in DKA having a known .equenc. are -ell kno-n. for example K13 
primer mutagenesis. 

Adhe.on variants that are not capable of binding HIV gpl20 
are useful noneth.les. a, immunogens for raising antibodies to the 
adhe.on or «« Immunoassay kit components (labelled. as a 
competitive reagent for gpl20 assay, or unlabelled as . standard 
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£or « adh.son «..,) .o long - « Last one adh.aon apltop. 

remains Active. 

Th. DNA .needing *dh..on. 1. obtained by known proc.dur... 
c.e Willi-. X—l. Today £:298-303 (1987) and citation. 
L.T m general, prokaryota. ar. ua-d for cloning of CD, 
V a l. OK. ..Uc... - *• coll «~ (for 

cm. »13 Phag.. • we.i.t.nt .train of JK 101: Kaaalng at 

(ATCC No. 314*6, ar. particularly ua.ful. Oth.r Microbial 
.craln. which .ay b. used includ. E. coll 1. 1*101 «d *. coll 
xl 776 (ATCC No. 31537). Tha.e axa.pl.. ar. llluatratlv. rath.r 

than limiting. 

DMA encoding the variant adh.aon. ar. ina.rt.d for 
expression into v.ctor. containing pro.ot.rs and control ..qu.nc.. 
which ar. deriv.d fro. .p.cl.. co-patlbl. with th. Int.ndad ho.t 
call The vctor ordinarily, but n..d not. carry a r.plication 
.it. a. well a. on. or .or. «tk.r ..qu.nc.. which ar. c.pabl. of 
providing ph.notyplc .election in tranefons.d c.ll.. For .*a«pl. 
E coll 1. typically transfor».d ualng a d.rlvatlv. of pBR322 which 
1. . pl...id dariv.d fro. an E. coll .p.cl.. (Bolivar, .t al. . C.n. 

95 [1977]). PBR322 contains g.n.. for aapiclllln and 
tetracycline resistance and thus provide. .a.y ».ans for 
Identifying tran.for.ed cell.. Th. pBR322 - pl.«U. or oth.r 
.icrobl.1 pla..ld must al.o contain or be .odlfi.d to contain 
pro.ot.r. and oth.r control ,l.».nt. co«.only ua.d In r.co^inant 
DNA cons cruet tons . 

Pro.oters .uit.ble for us. with prokaryotic host, 
illustratively Include the 0-lactasi.s. and lacto.e pro«ot.r .ysta.s 
(Chang at al.. Nature, 221: 615 [1978]; and Go.ddel « .1.. Nature 
2B1- 5" [1979]), alkaline phosphatase, the tryptophan (trp) 
pro.ot.r sy.tem (Go.ddel. Nucleic Acids Res. *: 4057 [1980] and EP0 
Appln. Publ. No. 36.776) and hybrid promoter, such as the tac 
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',„)>. H...v... «l»r ««" Ul ' C ~°" r * *" 

r .,uit.d m crl.cl«. («*«»•« « <=•"*>• 

•ncodlng the .ntigen. 

In addition to prokaryotes. eukaryotlc microbes such as 
veast culture. also are useful a. cloning or expression hosts. 
S n ^.— ces crr.vt.Uc, or co..on bakers yeast Is Che most 
coossonly used eukaryotlc .lcroorg.nl... although . nu*.r of other 
strains .r. cooononly .v.il.ble. For expression in Sacch.ro.yc... 
che plas.ld Y* p 7. for exa-ple. (Stlnchcon*. et .1.. H.tur. 231: 39 . 
r 1979) ; King.™ et .1, C« 2: 1*1 t" 79 ^ * C * l - «— 

ifi- 157 (19801) i. con»only used. This plas.ld .lre.dy contains 
th. trpl g««. which provide. . ..lection -arker for . .utant .tr.in 
of y..st lacking the .bllity to grow in tryptophan, for exaaple 
ATCC no 44076 or PEF4-1 (Jones. Cenetlc. Si: 12 11977]). The 
pre.enc. of the trpl lesion a, a characteristic of th. yeast host 
cell g.no.e then provide, an effective -an. of selection by growth 
in the ab«ence of tryptophan. 

Suitable promoting sequence, for us. with yea.c host, 
include the pro-oter. for 3-phosphoglycerat. kin... (Hltxetsan «c 
.1 j Biol Che.. 25i: 2073 [1980]) or other glycolytic enzy.es 
(Hes. ez .1.. J • Adv. Enzy.e Reg. 2: 149 (1968]; .nd Holland. 
Bioche.i.try 12: 4900 [1978]). such as enolase . glyc.r.ldehyde-3- 
pho.ph.te dehydrogenase. hexokln.se. pyruvate decarboxylase, 
pho.phofruccoklna.e. glucose-6-phosph.ee lso.er.se. 3- 
pho.phoglycer.ee .ut.se, pyruvate kin.se. triphosphate 
i.o.era.e. pho.phoglucose tso.erase. .nd glucokin.se. 
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C ° Tro- C «1 pho.ph.ca... degree e«y~. —Ut- 

l8 oeytochro.e «VJ .. taU0thlO n.in. glycer.ldehyd.-3- 

wlth nitrogen .et.boi.1.... »nd 

^nr.cion Suitable vector. *nd proaoter. ror 

y .«t .xpr—lon fur .^.r. .l.o *r. 

Europe P««* Publication Ho. 73.657A. 
.dv.ntageou.ly u..d with y.«t promoter.. 

Pro .oter, for controlling tranacrlptlon fro. vector. In 

m „ ho.c cell, -y be obt.ln.d fro. v.rlou. .ourc... for 
naanaUan ho.t cei.i» . , vtru4 40 

. W L. C. of viru... .«h pol,— . ««-» «™ 

7o>. — r.tro*™... M«W ~- 

:. t .u . « t ~ — r 

. ff the bet* actin promoter. The eeny 
promoters. • cn# D * t * r - v4 o 

f the SV40 viru* ere conveniently obtained e. an SV40 

.. pro— .f ~ _ . f — 

.1.. C.n. It: MS-MO (UK). 0£ cur... pr.~«r. fro. th. 
e.Ll or r.l.»d *« "•• £ " 1 h,,,1 °' 

X of ~. — *- *« i ° - ~ 

,,, ,1..!., - >' «-*. « L. »oX. C.U ... 2 U» 

,„,,„ „ th. «m..rl,tl«> -It. -""1" » <**~' 11 ' J - L - 

;l,:: £ -,=l™. T.,.. CU Mo. »= !»» .!"•»• 
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"in u.. - — « «~ ' " u " lnu ' " 

ZJ. *. — — « - *• u " ° f th * "Z ? 

and adenovirus enhancers. 

Expr.s.ion v.ctor. us.d In .ukaryotic host cell. (yeast. 
fu ngi, insect. Plant, animal. hu~n or nucleated ells) may 1.. 
cental, .eau.nc.s necessary for che termination of transcription 
which may affect mRHA expression. These regions .re 
polyad.nylet.d segments In the untranslated portion of the mRKA 
encoding the sdheson. 

Expression vector systems generally will contain a ■ 
.election gene, also termed a selectable marker. Example, of 
.ult.bl. .electable marker, for mammalian cells are dihydrofolate 
reductase (DHFR) , thymidine kin... or neomycin. When such 
.electable marker, are successfully transferred into a mammalian 
host cell, the transformed mammalian host cell can survive If 
pUcec under selective pre.sure. There are two widely used 
distinct categories of selective regimes. The first category is 
based on a cell', metabolism and the us. of a mutant cell line 
which lacks the ability to grow independent of a supplemented 
.edlun Two examples are: CHO DHFR" cells and mouse LTK" cells. 
The., cell, lack th. ability to grow without th. addition of such 
nutrient, as thymidine or hypoxanthlne . Because these c.Us lack 
certain genes necessary for a complete nucleotide synthesis 
pathway, they cannot survive unless the missing nucleotides are 
provided in a .upple.ented medium. An alternative to supplementing 
the medium is to introduce an Intact DHFR or TK gene into cells 
lacking the respective genes. thus altering their growth 
requirements. Individual cells which were not transformed with the 
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The s.cond c.t.gory 1. do.ln.nc selection which refer, co . 
5 se.ecclor.che.. u..d U «V cell cyp. - doe, - "oulre che us 

, M « c.11 line. The., -che... cyplcally «.. * dmg Co 

• -" S h C \ l h >t cell . ^ cells -hich have . novel gene 

^ — — — ~ d uouid * urvive 

I II. —U. of -uch „ ..lecclon che drugs 
1C neomycin. Southern P. «d Berg. P.. J. *olec. Appl. Cenec. L 327 

"„«,. .ycoph.nollc ,cU, HulUgan. l.C. - *erg. »■ « 
I,, c„7o, or hygro.ycin. Sugden. « L. H.1. Cell . ^ 1- 

K enes under eutaryocic concrol co convey reslsc.nce co che 
1S appropri.ce .rug CIS or neomycin Cgen.clcln) . *gpc (.ycoph.nollc 

acid) or hygrotnyetn. respectively. 

•Amplification" r.fer. co the incre... or replication of 
an isolate, region within a cell', chro.o.cal ON.. *™^2 
is achieved using a selection agent e.g. ..thotrex.t. (KTX) wh ch 
inactivate. DHFR. Amplification or the .aUng of succe.sive copies 

i*.. *r.eter amounts of DHFK being produced 
of the DHFR gene results in greater amo^ 

lB the face of greater counts of KTX. An.pl If ic.tlon pressure is 
applied notwithstanding the presence of endogenous DHFR. by adding 
L greater counts of KTX to the ..dia. Amplification of a 
desired gen. can be achieved by cotransf acting a ^-alian host 
cell with a pl.«id having a UHA encoding a desired protein and che 
DHFR or edification gene permitting cointegr.tion. One ensures 
chat ch. cell requires .or. DHFR. which requirement is .et by 
..plication of th. s.lectlon gene, by selecting only for cells that 
can grow in th. pr.senc. of ever-greater KTX concentration. So 
long as the gene encoding a d.slred heterologous protein has 
colntegreced with the selection gene replication of this gene gives 
rise to r.pllcatlon of the gen. encoding the desired protein. The 
result i« that incr.as.d copi.s of the gene. i.e. an amplified 
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cl ..v.d. tailored. and rellgac.d in Che for. de.lred to for. the 

L-i*. — — prece4ur " - wel1 Tl it 

™« — — • f ° r r b : n 9 s 2 

te1fn ,Tr CI***, ^/ri, 

■Current Protocols in Holecul.r Biology', .diced by Auaubel t a • . 
[1987]. pub. by Greene Publl.hing A3.oci.te, 6 Wiley- Inter.clence) . 

Correct pla.mid ..quence. .re confirmed by transforming S. 
coll K12 .train 294 (ATCC 31446) with ligation mixture., .ucce.,ful 
t „nsforments .elected by amplclllin or tetracycline re.i.tanc. 
where appropriate. pi—Id. fro. the tr.nsfor~nts prepared and 
ch en analyzed by restriction enzyme dlge.tion and/or .eouenced by 
In! .ethol of He..lng et al . . Nucleic Acids Res. * 309 
by =h e method of Kaxam et al . . Hethod, in Enzymology 1£: 
(1980). 

Host cells are tran.for.ed with the expression vector, of 
C Ms invention. Thereafter they are cultured in appropriate 
culture media, e.g. containing .ub.tance, for inducing promoter., 
selecting transf orm.nts or amplifying gen.,. the culture 
conditions, such as temperature. pH and the >iVce. are cho.e 
previously used with the ho.t cell .elected for expres.ion. and 
will be apparent to the ordinarily skilled artisan. 

The secreted adhe.on variants are recovered and purified 
fro. the culture supernatant, or ly.at.s of recombinant host,. 
Typically, the supernatant are concentrated by ultrafiltration, 
contacted with a ligand affinity or immuno.f f inity matrix .o a. to 
.dsorb the adhe.on variant. and .luted fro. the matrix. 
Optionally, the adhe.on is purified by ion exchange chromatography. 

Surprisingly, purification of soluble CD4 adhe.on from 
culture .edium was unexpectedly difficult. Notwithstanding that 
eh. hydrophobic tran.me.br.ne region of the antigen had been 
deleted, the antigen exhibited a strong tendency to form aggregates 
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^ could be readily removed from auap.naion by c.r.trlfug.tion at 
10 00 x g. «nd which avidly coat aurface, .uch a. ultrafiltration 
^ran... Thi. -PP.". to r.ault fro- th. r.ductlon in 
concentration of albumin or oth.r ..rum prot.ln (ordinarily pr...nt 
in th, crud. pr.par.tlon) to a particular l.v.l. b.low which th. 
cr uncat.d antigen no long.r r.mains .olubl.. Thi. ph.no-.non 
.pp.ar. to be aggravated by .xpo.ur. of th. CD4 adh.aon to low pH 
« .bout pH 4>. Aa a r.ault. s.p.r.tion procedure, (particularly 
thoae that employ acid .lutlon. .uch a. Immunoaf f inlty) ahould be 
.odlfied .o that the eluate i. maintained at. or immediately 
returned to. about neutrality. Further, a aurfactant. e.g. a 
detergent .uch as Tw.en 80. should be included with the antigen 
during the separation procedure. The final purified product will 
be stabilized with . predetermined protein .uch as albumin, and/or 
a detergent. 

The purified adhe.on is formulated into conventional 
pharmacologically acceptable exclplents. 

U is administered to patients having HIV infection at a 
dosage capable of maintaining a concentration of greater than about 
100 ng of soluble CDfc adheson/ml plasma. For CD* adh.son variants 
having different molecular weights, about 2 plcomole. of soluble 
receptor p.r ml of plasma will b. initially evaluated clinically in 
order to establish a stoichiometric equivalence with native 
(membrane bound) and soluble receptor. Th. ordinary dosag. of 
soluble CI* is 100 M gAg of patient weight/day. 

The therapeutic CDA variants are employed with other 
therapies and agents for the treatment of AIDS. Including AZT. 
neutralizing antibodies and immunocyto toxins . gpl20 fragments and 
vaccines . 
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In order to facilitate understanding of the following 
examples certain frequently occurring machoda and/or terms will ba 
described. 

"Flaaalda" are designated by * lowtr eu« p preceded end/or 
followed by eapical letters and/or numbara. The starting plaamida 
herein are either commercially available, publicly available on an 
unrestricted baala. or can ba constructed from avallabla plaamida 
In accord with publlahad procedures. In addition, equivalent 
pla*mlds co choaa daacrlbad ara known in the arc and will ba 
apparant Co Cha ordinarily skill ad arclaan. 

■Digeation w of DHA rafars co catalytic cleavage of Cha DNA 
wich a raacriccion enzyme that acta only ac cartain sequences in 
the DNA, The various raacriccion enzymes uaad ha rain ara 
commercially avallabla and chair ra act ion conditions, co factors and - 
ochar requiremencs vara usad aa would ba known to cha ordinarily 
skillad artisan. For analytical purposes, typically 1 m* of 
plaxmld or DNA fragment la uaad wich about 2 units of ensyme in 
about 20 m! of buffar solution. For cha purposa of isolating DHA 
fragments for plaaaid construction, typically 5 to 50 pg of DMA ara 
dig aacad wich 20 co 250 units of enzyme in a larger volume . 
Approprlata buffars and aubscraca amounts for particular 
restriction enzymes ara apacifiad by cha manufacturer. Incubation 
times of about 1 hour at 37*C ara ordinarily used, but may vary in 
accordance with the supplier's instructions. After digestion the 
reaction is alaccrophoraaad directly on a polyacryl amide gal co 
isolate the daalrad fragment. 

•Recovery" or *iaolacion" of a givan fragment of DNA from a 
restriction digest means separation of the digest on polyacryl amide 
or agarose gel by electrophoresis, idantif ication of the fragment 
of interest by comparison of its mobility versus that of marker DNA 
fragments of known molecular weight, removal of the gel secclon 
containing the desired fragmant, and separation of the gel from 
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Acid. R««. 4: ^57 [1980]). 

-Depho.phoryl.clon- refer, to the re.ov.l of ch. terminal 
5 . phosph.ce. by tr.acm.nc vlch b.ct.rl.l ..11-11- pho.ph.c-. 
(BA P). Thl. Procedure pr.v.nc. the cvo restriction cleaved end. of 
DNA fragment fro. -circularizing- or forming . clo.ed loop chac 
WO uld imped, insertion of another DNA fragment .c th. re.criccion 
#lte Procedure, .nd re.genc. for <Upho.phoryl.tlon and other 
recount ^nlpul.tlon. .re conv.nclonal . Ration. using EAP 
.re carried out in 50o* Trl. .t 68«C to .uppr.-s th. .ctlvlty of 
any exonucl.es.. which may b. pr.s.nc In th. enzyme 
Re.ccions were run for 1 hour. Following th. r..ctlon th. DNA 
fragment i« gel purified. 

•Ligation' r.fr. to th. proc... of forming pho.phodl.st.r 
bends between two doubl. stranded nucleic acid fr.gm.nc. (Manl.cls. 
T ac a' U- Unle " oCh.rwi.a provided. Ugaclon may be 

accomplished using known buffers and conditions with 10 unit, of T4 
DNA llg... CU g .«") P« 0 5 « of approximately .qui.ol.r amounts 
of the DNA fragments to be lig.ted. 

•Filling- or -blunting" r.f.r. to the procedures by which 
ch. .ingl. stranded end in th. cohesive terminus of a restriction 
enzym.-cl.aved nucleic «=id 1. converted to a double strand. This 
eliminate, th. cohe.iv. terminus .nd forms . blunt end. This 
proc.s. is . v.rs.til. tool for converting . restriction cut end 
chat may b« coh.slv. with th. ends cre.t.d by only on. or . few 
other restriction enzymes into a terminus compatible with .ny 
blunt-cutting restriction endonucl.a.e or other filled coh.slv. 
terminus. Typically, blunting 1. accomplished by incubating 2- 
15„g of the cargec DNA in lOmM MgCl 2 . 1* dithlothreltol. 50mM 
NaCl, lOmM Trl. ( P H 7.5) buffer at about 37'C in the presence of 8 
unit, of the Kl.now fragment of DNA polymer... I .nd 250 of ..ch 
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of the four deoxynucleoside triphosphate.^ The Incubation 
generally is terminated after 30 min. phenol and chloroform 
extraction and ethanol precipitation. 

The following example, merely illustrate the be.t mode nov 
contemplated for practicing the invention, but .hould not be 
construed to limit the invention. 

BmtoIo. 1 

r^T^trmcr lffn nf v«rtp™ for the Expr«lgloH_gf 
flnrtT- md Serr^rrd D«rlYfttlYD» 

Section 1 

The plasmid used for recombinant synthesis of human CD4 vas 
pSVeCD4DHFR. The plasmid was constructed as follows: 

ACD4P1 containing most of the coding sequence of human CD4 • 
(obtained from a human placental cDNA library using oligonucleotide 
probes based on the published sequence [Maddon «C ai. 1985]) was 
digested with ££oRI to produce the cDNA insert. This fragment was 
recovered by polyacrylamide gel electrophoresis (fragment 1). 

pUC18 was digested with EfcoRl and the single fragment 
recovered by polyacrylamide gel electrophoresis (fragment 2). 
Fragment 1 was ligated to fragment 2 and the ligation mixture 
transformed into E. coll strain 294. The transformed culture was 
plated on ampicillin media plates and resistant colonies selected. 
Plasmid DKA vai prepared from transf ormants and checked by 
restriction analysis for the presence of the correct DNA fragments. 
This plasmid is referred to as pUCCD4. 

pSVeE'DHFR (Huesing ec al., Cell <tft: 691-701 [1987]) was 
digested with Kpn l and fiamHI and blunted with £. coll DNA 
polymerise I (Klenow fragment) and the four dNTPs . Fragment 3 
containing the pKL-Amp r region. SV40 early promoter, the HIV LTR, 
and the mouse DHFK gene was recovered by gel electrophoresis, 
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Ugated «d th. ligation -ixcur. tran.form.d into £. coll .train 
29 4 The transformed culcur. wa. pUfd on ampicilUn media pUtu 
„d r..l.tant colonie. ..l.ct.d. *U-U DNA w« pr.p.r.d fro. 
crensformant. «* ch.eW by r..trlction analy.i. for the pr...ne. 
of th. a«HI r..trlction .ite and the ab..nce of th. KfinI 
restriction .ite. Thl. pU-i* i- "f«red to a. pSVeABKDHFR and 
aU ows ^RI-a^HI f «*-»*■ to be inserted after the SV40 early 
promoter end transcribed under it. control, following transection 
into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-8. below) were «ade 
co extend from 76 bp 5' of the initiation codon of CI* translation 
co the fcal restriction site at 121 bp 3' of the initiator, with 
che sequence AATT at the 5' end of the .ens. .trand to gen.r.t. an 
end which could lig.te to an EfifiRl restriction fragment. Th... 
oligonucleotide, were lig.ted and the 204 bp fr.g-.nt containing • 
Che entire sequence recovered by gel electrophoresis (fragment 4). 

CD4 adaptor 1: AATTCAACCCCACACCCCTCCCATTTCTCTCCCCTCACCTCCCT 
CD4 adaptor 2: pACTCCTCAGCCCCTTCCTCCCTCGGCAACGCCACAATGAACCGGCGAGTC 
CD4 adaptor 3: pCCTTTTAGCCACTTGCTTCTGCTGCTGCAACTGGCGCTCCTCCCAGC 
CD4 adaptor 4: 

pAGCCACTCAGGGAAACAAAGTGGTCCTGGGCAAAAAAGCGGATACAGTGGAACTGACCTGT 
CD4 adaptor 5: pACAGGTCAGTTCCACTGTATCCCCTrTTTTGCCCAGCACCACTTTGTTTCC 
CD4 adaptor 6: pCTGAGTGGnTGCTGGGAGGAGCGCCAGTTGCAGCACCAGAAGCAAGT 
CD4 adaptor 7 : pGCCTAAAAGGGACTCCCCGGTTCATTGTGGCCTrGCCGAGGGAGGAAGGG 
CD4 adaptor 8: GCTGAGCAGTACGGACCTGAGCCCACAGAAATGGCAGGGCTCTCGGCTTG 

PUCCD4 was dlge.ted with &|»X and Sill and th. 401 bp 
fragment containing part of the CD4 coding .equence recovered by 
gel el.ctrophore.ls (fragment 5). pUC18 wa. digested with fitfiRI 
and Sill and the fragment comprising the bulk of the plasmid 
recovered by gel electrophore.i. (fragment 6). Fragments 4 and 5 
were ligated to fragment 6 and the ligation mixture transformed 
into £. coli strain 294. The transformed culture was plated on 
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ampicillin media places and resistant colonies selected. Plasmid 
DNA was prepared froa transformants and checked by restriction 
analysis for the presence of the correct fragment. The sequence of 
the inserted synthetic DNA was checked by excising the 605 bp 
5 EcoRI- Sst I fragments froa several transf ormants and ligating them 

to M13mpl9 which had been digested with the sane enzymes. After 
transformation Into £. coIX strain JH101, single -stranded DNA was 
prepared and sequenced. One plasmid which contained the correct 
sequence was selected, and is referred to as pCDAint. 

10 

pCD4int was digested with and and fragment 7 

containing the 5' end of the CD4 coding region was recovered by gel 
electrophoresis. pUCCD4 was digested with fiaflHI and the 

1139 bp fragment containing the remainder of the CD4 coding region 
15 (fragment 8) recovered by gel electrophoresis. 

pSVe ABKDHFR was digested with Eco RI and AajbHX and fragment 
9 comprising the bulk of the plasmid was isolated. Fragments 7, 8 
and 9 were 11 gated and the ligation mixture transformed into £. 

20 coli strain 294. The transformed culture was plated on aoplcillin 

media plates and the resistant colonies selected. Plasmid DNA was 
prepared from transf ormants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCDADHFR, and was used to direct synthesis of recombinant 

25 intact CD4 . 

Section 2 

A plasmid was constructed to direct the synthesis of a CD4 
derivative lacking the putative transmembrane domain and most of 

30 the putative cytoplasmic domain (Haddon ec al . ) . This was done 

with the intention of creating a secreted form of CD4, based on the 
assumption that these domains anchor the CTX* glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasmid is referred to as 

35 pSVeCD4ANla£HFR and was constructed as follows: 
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pUCCD4 vas digested with and Ififll and the 531 bp 

fragment (fragment 10) recovered. pUCCD4 was digested with fllalll 
and lAfll and the 112 bp fragment (fragment 11) recovered. pUCCD4 
was digested with fiaaHI end Hla.111 and the 301 bp fragment 
(fragment 12) recovered. pCD4int was digested with and fiaj|HI 

and fragment 13 comprising the bulk of the plasmid recovered. 
Fragments 10, 11, and 12 were ligated together with fragment 13 and 
the ligation mixture transformed into £. coll strain 294. The 
transformed culture vas plated on ampicillin media plates and 
resistant colonies selected. Plaamid DNA vas prepared from 
trans formants and checked by restriction analysis for the presence 
of the correct fragment. Plasmid DNA from several transf ormants 
vas sequenced to ensure that the 195 bp malll fragment had been 
deleted and that the proper reading frame vas restored. The 
resulting plasmid is referred to as pCD4ANla. 

pCDAANl* vas digested vith EcoRI and fiaj&HI mn d the 1541 bp 
fragment containing the sequence of a CD4 derivative lacking the 
transmembrane and cytoplasmic domains recovered (fragment 14) and 
ligated to fragment 9 and the ligation mixture transformed into £. 
coll strain 294. The transformed culture vas plated on ampicillin 
media plates and resistant colonies selected. Plasmid DNA vas 
prepared froa transf ormants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVcCD4ANlaDHFR. 

Both pSVeCD4DHFR and p S Ve CL/4 AN 1 aDHFR vere transf ected into 
CHO cells by the same method used to establish cell lines stably 
expressing HIV-I polypeptides (Muesing, Smith and Capon, Cell 
44:6910701 [1987]). These cells vere assayed for production by 
radlolmmunoprecipltatlon as described below. While no product vas 
detected in initial experiments, subsequent experiments shoved that 
the above described coding segment could indeed direct the 
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synthesis of * soluble CD4 adheson variant both In CHO and 293 

cells. 

Scctlgn 3 

5 A different expression system was initially used for the 

synthesis and expression of a CD4 variant lacking completely the 
cytoplasmic and transmembrane domains. This system uses the 
cytomegalovirus promoter and can be used in cultured cells of human 
origin. The first plasmid constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function as a control in the following studies. It is referred to 
as pRKCD4 , and was constructed as follows: 

pSVeCD4DHFR was digested with EcoRI and fiaflHI and fragment 
15 15 containing the entire CD4 coding region was isolated. pRK5 

(U.S. S.N. 97,472, filed Sept. 11, 1987) was digested with EcoRI and 
RamH I and fragment 16 comprising the bulk of the plasmid recovered 
by gel electrophoresis, ligated to fragment 15, and the ligation 
mixture transformed into £. coll strain 294. The transformed 
20 culture was plated on amp ic ill in media plates and resistant 

colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4 . 

25 Section 4 

The next plasmid constructed was designed to direct the 
expression of the above-mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pBR322 which codes for 
30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to anchor CD4 to the cell surface. The plasmid 
is referred to as pRKCD4T (and which produces protein called CD4T) , 
and was constructed as follows: 

35 
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pSVeCDADHFR was digested vlth Hull, blunted vlth Klenov 
fragment and the four dNTPs . and digested with BstEII. The 382 bp 
fragment (fragment 17) containing part of the CD4 coding sequence 
was recovered by gel electrophoresis. pSVeCD40KFR was digested 
vlth £££RI and &££EII and the 874 bp fragment (fragment 18) 
recovered. pBR322 was digested with Hlnd lll. blunted with Klenow 
fragment and the four dNTPs, and digested with EcoRI . Fragment 19 
comprising the bulk of the plasmid was isolated and ligated to 
fragments 17 and 18 and the ligation mixture transformed into £. 
coii strain 294. The transformed, culture was plated on ampicillin 
media plates and resistant colonies selected. Plasmid DMA was 
prepared from trans formants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pCD4Ttnt. 



pRK5 was digested with ££oRI and Sma l and fragment 20 
comprising the bulk of the plasmid isolated. pCD4Tint was digested 
with £i£RI end fi^oRV and the 1410 bp fragment containing the CD4 
coding sequence to the Hull site at 1176 bp 3' of the initiating 
codon and the 154 bp HindHI -££C;RV fragment of pBR322 was recovered 
(fragment 21). Fragments 20 and 21 were ligated and the ligation 
mixture transformed into E. coli strain 294. The transformed 
culture w*s plated on ampicillin media plates and resistant 
colonies selected. Plasmid DNA was prepared from trans formants and 
25 checked by restriction analysis for the presence of the correct 

fragment. This plasmid is referred to as pRKCD4T . 

Section 5n 

In order to create a secreted form of CD4 which could be 
purified with an antibody directed to herpes virus type I 
glycoprotein D, a plasmid was constructed to express a derivative 
of CD4T in which the region coding for the mature, processed CD4T 
polypeptide was fused to a sequence coding for the signal peptide 
and the first 2 7 residues of the mature type I Herpes Simplex Virus 
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gD glycoprotein. This plasmid is referred to as pRKCDCDAT, and was 
constructed as follows: 



10 



lb 



20 



pgDTrunc .DHFR was digested with EspRI and £vull and the 
fragment containing the coding region for the signal peptide and 
first 27 residues of the mature HSV I gD glycoprotein was isolated 
(fragnent 22). pRKCD4T was digested with £££RI and Bst EII and 
fragment 23 containing the 3' end of the CD4 coding sequence and 
the pRK5 region was isolated. 

Synthetic oligonucleotides GD (adaptors 1-2, below) 
containing the coding sequence of CD4 from the codon for the amino 
terminal residue of mature CD4 to the Raa site at 121 bp 3' of 
translation initiation, and containing the sequence CTGCTCGAC at 
the 5' end of the sense strand were prepared (fragment 24). pRKCDA 
was digested with Rsa l and and the 665 bp fragment 

containing part of the coding region for CD4 was recovered 
(fragment 25) and ligated to fragment 24. After digestion with 
Bst EII to ensure that only monomeric fragment was present, the 724 
bp fragment containing both sequences was recovered by gel 
electrophoresis (fragment 26). 



Fragments 22, 23 and 26 were ligated and the ligation 
mixture transformed into £. coll strain 294. The transformed 

25 culture was plated on ample ill in media plates and resistant 

colonies selected. Flasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. The sequence of several transformants was checked to 
ensure that the synthetic insert was correct and that reading frame 

30 was preserved. This plasmid is referred to as pRKCDCD4T. 



35 



These pRX5 derived plasmlds preferably were trans fee ted 
into 293S cells for stable expression according to Muesing, et al. 
Cell 4£:691 (1987) with the exception that in addition to the 
plasmid of interest a plasmid expressing the neomycin resistance 
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g .„. pRSV n.o (Gorman .c .1. Sci.nc. 221:553-555 (1985)) -« 
cocr.nsf.et.d. 293 c.U. .U. «. u..d ..ti.factorily « ho.t 
cells 2 day. aft.r transection, th. c.U. w.r. p...«g.d l«o 
standard medium (1:1 F12/DME .uppl.«.nt.d with L-glutamlne. 

5 penlclllln-.treptomycin and 10* FBS) with 0.5 mg/.l C418 (Cndcin 

.ulf.te; Glbco) for selection of stable cell lin... rather than In 
».«U containing rn.thotr.xat. a. .hown by Hue.ing .t .1. C.U. 
w.r. u..y.« for production of CD4 or CD4 analog, by r.dlolmmuno- 
preclpltatlon. Binding .tudl.. (..etlon 5c) u..d conditioned 

10 supernatant, from th... cell, in the 1:1 F12/DME medium. 

Materials used in inactivity assays (section 5b) -re obtained as 
described In section 8 below. 

gDCD4 adaptor 1: 

CTGCTCGAGCAGGGAAACAAACTGGTGCTGCGCAAAAAACCCCATACACTGGAACTGAC 
gDCD^ adaptor 2: 

pACAGCrCAGTrCCACTCTATCCCCTTTTTTCCCCAGCACCACTTTCTTTCCCTGCTCGA 

20 s«rritm 5b 

The following constitute. « .tudy of the neutralization of HIV-1 
Infectlvity by .oluble CD4 analogs. A -edification of the 
neutralization procedure of Robert-Gurof f et al.. Nature Hi:72 
(1985) wa« followed. Equal volumes of inhibitor supernatant and 
25 virus (60 microliter.) were incubated at 4 degree. C for 1 hour. 

then th. .am. volume of H9 (Gallo et al . . Science 22^:500. 1984) at 
5xl0 6 /ml was added and incubation continued for 1 hour at 37 
degrees C. Following ab.orption. 2.5xlo5 e . Ul ln 150 microliters 
were tranaf erred to 2 ml of incubation media. After 4 days at 37 
30 degrees C. the culture, were .pllt 1:2 with fresh media and 

incubated for an additional 3 day.. Cultures were harvested, 
reverse transcriptase activity was measured (Croopman et al. . AIDS 
Research and Human Retrovirus.. 2:71. 1987). and immunofluorescence 
reactivity with HIV-1 positive .erurn was determined as described 
35 (Poles* et al.. Proc. Acad. Nat. Scl. USA 21=7415. 1980). 
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^ .up.r~c.nc. v.r. obcalnad fro. con£lu.nt olac. culture 
of 293S/CDT4, 293S/8DCD4T c.U. or uncran,fecc.d 293S c.ll. by 
r.pl.cing ch. growth ..dlu. Incubation -dl. and harv.clng ch. 
.upernacanc. 2« hour, l.c.r. Inhibitor .«p.m.c.nc r.plac.d pare 
or 4 ll of ch. Incubation «.dl. during eh. flr.c chr.. day. of 
culcur. « indicacd In ch. ..cond colu«n of Tabl. 3. Chall.ng. 
oo.e of vlru. was 100 TCID 50 (Groopman « .1.. .upra) of HIV-1 
.craln KUMUB grown In H9 c.U. a...y.d In Ch. 
Incub.clon »edl« consl.t.d of RPKI 1640 -dla containing 2-H L- 
glutui „,, 100 uni«/«l p.nlclllln. 100 1crogra«./«l .crepco«ycln. 
2 B lcrogra»a/«l polybr.ne and 20% f.cal calf ..ru- (K.A. 
Bloproducts) . 



Inhibitor 



Dilution of 
Inhibitor 



Table 3 

Indirect Reverse 
immunofluorescence transcriptase 



mock- trans - 
fected 

nock- trans - 
fected 

CD4T 

CD4T 

gDCD^T 

gDCD4? 



undil. ; 1:4 65.3 65.5 



undll.; 1:4 
undil.; 1:4 
undil.; 1:4 
undil.; 1:4 
undil.; 1:4 



61.2 61.1 

0.4 18.0 

0.8 16.1 

0.4 26.8 

1.4 36.1 



21.8 23.9 

18.5 28.1 

0.11 5.94 

0.15 3.72 

0.14 9.92 

0.23 11.3 



Both form of soluble CD4 virtually abolished the growth of 
35 HIV-1 when incubated with virus- infected cell, without prior 

dilution (Tabl. 2). At a dilution of 1:4 the soluble CD4 
preparations were only partially effective in inhibiting virus 
growth, however the level of fluorescent -positive cell, and reverse 
transcriptase was still significantly lower than cultures receiving 
40 mock-transfected cell supernatant. (Table 2). Since there was no 

significant difference in virus growth between diluted -and 
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25 



30 



CD4 
re 



Snnr <m 5c 

To determine the tffilty constant for Interaction. b.tva.n 
pU 0 -a CD. or CO* variant., saturation binding ™^'Z 
10 ferried out with soluble CD4 luol - "lub liz.d 

intact CD. (Ua.^ - .1. Cll 54:975 U»«l> 
r .dioiodinated gp!20 labeled with l.ctop.roxidas. Binding 
tactions consisted of "'l-tpUO O ng to 670 ng. 2-9 nC /ng) 
Ucubeted for 1 hour at 0 degree. C with cell lys.te. containing 
15 intact CD* y et .1.. S^.) or cell <™«« 

containing unlabeled CD*T or gD«*T prepared a. described In 
section 5a. Reactions (0.2ml) had a final composition of 0.5X 
KcDougal Lysis Buffer (McDLB) (1 x McDLB contalnsO.5 * Nonldet HP- 
,0 0 2* Na deoxychol.te. 0.12 H N.C1 . 0.02 M Trl.-HCl. P H 8.0) and 
20 were performed in duplicate, both in the presence or ab.ence of 50 

xerograms of unlabeled purified gp!20 (74 fold or greater excess) . 
Following incubation. bound gpl20 was ou.ntlt.t.d by 
usmunoprecipltatlon and counted in a gamma counter. For 
^oprecipitation. binding reaction solution, were pr.ab.orb.d 
vich 5 microliter, of nonaal rabbit serum for one hour at O'C. and 
cleared with U0 microliter, of P.nsorbin (10 % v/v. Calbloch.m) for 
30 minute, at 0 degrees C. Sample, were then incubated overnight 
at 0 degree. C with 2 microliters of nonaal u» or 5 microliters 
(0 25 microgram) of OKTfc monoclonal antibody (Ortho) followed by 
collection of immune complexes with 10 microliter, of P.nsorbin. 
Precipitate, were va.hed twice in IX HcDLB and once in water, then 
.luted by .luting at 100 degree. C for 2 minute, in sample buffer 
(0 12 K Tri.-HCl P H 6.8. 4% SDS . 0.7 H merc.ptoethanol . 20% 
glycerol, and 0.1% bromophenol blue). CD4 molecule, were bound 
35 s.turably by gpl20. and yielded a .impl. *ccl.n binding curve. 
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1„. .oil. -1,.U r.v..!.- . .1^1. <1~ 

x lO" 9 K. Las*y. Cell. uffiU) • 

ord.r co produce secret deriv.tiv.. of a» which .re 
free of excran.ous amino acid r.,ldue,. cwo pU-i- 
obstructed for expr.s.ion in 293 cell., The pi— -caln 
en llch have been exceed vichouc Che eddlclon of «cr. 

:n: id r.^- * . s ^-m. «* ( - 

produce proteins called CD4TP and CD4*U> . and -ere conserved a. 

follows : 

Tranent 14 containing Che CD4 gene wich Che 195 bp H1*H1 
re scriccion fr.gm.nc del.ced -as llg.c.d co fr.gmenc 16 which 1* 
pRK 5 digested with ^RI - ^1. The Ug.Cton 

rwf „.4 inc. S. coli scraln 29.. che cr.nsformed culture placed 
on -piclllin media places and r.sisc.nc colonies ..l.c«d. 
Plasmid DNA was prepared fro. cransformancs and checked by 
restriction analysis for the presence of the correct fragment. The 
resulting pl.smid is referred co as pRXCD4ANla. 

Syr.ch.ctc DNA (5'CCT CAT ACA ACC TTT CTA CAC 3') was -ad. 
co attach to th. to.II si" .t U76* - — « » '"^ 

would terminate translation after amino acid residue 368 of ..cure 
CD* (fragment 27). Th. ocher end of chls fr.gm.nt was designed co 
Vlgat. to ft*.! restriction fr.gm.nts. pUCCI* w.s digesce v ^ 
to EIl «nd Ball and the 382bp fragment containing part of che CD 
gene va, recovered (fr.gm.nc 28). Fr.g-.nts 27 .nd 28 were U«.«d 
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„„„.,.. -nd r...lel« «"* - "«"""< (£r *«" 0t 

29) . 

pRKCDA v., di|-t.d with fiUlI .nd fiaaHI «d the fragment 
covins the bulk of the ,1— (f^ 30) ™ isol.ce* .nd 
xj.ce, co fragment 29. The llg.cion mixture w.s « 
£ coli scr.in 294. che cr.nsfor.ed culture placed on .mpicillln 
Lu Puces .nd r.sl.t.nc colon.es .elected. m-U « 
pr ep.r.d fro. tr.nsfo~.nc. .nd checked by restriction an.ly.1. for 
the presence of che correcc fr.gm.nt. The resulting nl... d 
referred co as PRKC04TP. Boch pl.s.id. .re tr.nsf.cced Into 293 
cells co gener.te sc.ble variant CD4- expressing cell lines .s 
described above. 



15 



Two plasmids -ere constructed Co dlrecc the expression of 
secreted CD* lacking extraneous amino .cid residue, in CHO cells. 
These are referred co as P SVeCD4 A Nl.SVDHFR .nd pSVeCD4TPSVDHFR (.nd 
which encode proteins having the priory sequence of CD4AN1. .nd 
CD4TP), and were constructed as follows: 

p£348HBV.E400D22 w.s digested with £vul «nd EfifiRI the 
25 fragment containing the SV40 e.rly promoter .nd p.rt of the 

Ucta-.se gene w.s recovered (fragment 31). pE348HBV.E400 D 22 w.s 
digested with 23,1 .nd fiamHl .nd che Urge fragment conc.ining che 

b.l.nc. of ch. • » " ** SVU ° " tly Pr0B °" r 

.nd che DHFR. gene was isolated (fragment 32). 

Fragments 31 and 32 were ligated together with fragment 14 
.nd transformed into £. coli str.in 294. The tr.nsformed culcure 
w.s placed on ampicillln media pl.t.. .nd r.sist.nt colonies 
selected. Plasmid DNA was prepared from transf ormants .nd checked 
35 by restriction analysis for the presence of the correct fragment. 



30 



PCT/US88/034U 



-42- 



i .un ref.rr.d to a. pSVECD4AHUSV0HfR . This 

(Section 2) . 

pRK CI>4TP v.. digested with fetfX and fi^HI and the fr.g~nt 

ntaining th. truncated CD4 coding r.gion -u isolated and llg.t.d 
containing th. atxcuM wm craMfotaed lnt0 

r f :r:i z ~ — — - - uuub 

L : -a ~ co,„U. a.l.ct.d Plasnld DNA was 

prepared fro. transforms - ch.c,.d by restriction 
L P r...nc. of the correct frag-ent Th. re.ulting pla.-ld 
referred co a. pSV.CD4TPSVDHFR. >oth of th... pU-* • 
cransf.cted into CHO c.ll. and -pim* tr.naf.ct.nt. s.l.ct.d by 
.ethotr.xate using conventional procedure. . 

Finagle 2 

Fusions of th. V r.gion of th. C04 gene, which I. 
homologous to th. v.rlabl. r.gion of is-uno global in gene, (r.f 
Maddon « .2. 1985). to th. consent (C) r.gion of hu«n 
^oglobulln « *nd 7 2 chain, are constructed a. follow.: 

Synthetic DNA i. -*de to cod. for the C region of hu»an « 
chain (r..idue. 109-214) based on the ..qu.nc. publi.h.d by Korin 
, c si Proc. Hatl. Acad. Sci. tf: 7025-7029 . with the addition at 
the 5' 'end of th. coding atrand of th. sequence CCGC. which allow, 
thi. frag-nt to b. llg.t.d to th. fls*HI ait. at th. end of th. 
putative V-llVc r.gion of CD4. At th. 3' .nd of th. coding region 
. translation*! stop codon 1. added a. well a. a sequence which 
allow, thi. end to be llg.t.d to Utfll restriction fr.g-.nts The 
synthetic DNA 1. -de in 8 f r.g-.nt. . 4 for each strand. 70-90 
ba... long. Th... ar. than allow.d to ann.al and llg.t.d prior to 
isolation on a poly.crylamide gel (fragment 33). 
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pRKCDA 1. dl 8 ..ce d with ft*! - U*X - ~ 

nt.lnln* the region coding for the putative V-llk. 

fr.g.enc confining 8 pr.g.ent. 33 and 34 are 

pRKCD^Ck . 

, ,u„« .~=ot»i ■ •< ^ v - uk * d ~* i ° ",r 

;. u . i-> - -» • w "" t ° t " 

molecules as described above. 

3 

Th, gDCD^T .ecr.t.d by the -chod of Ex«ple 1 was purified 
froB eel! culture fluid confining either 10. FBS (fetal bovine 
.eru.) or no added FBS. The conditioned cell culture fluid .a. 
«!«*■. concentrated by ultrafiltration then purified .by 
lBB unoafflnity chro».tography . The l«uno.f finity column va, 
produced by coupling -urine .onoclonal antibody >B6 (who,, epitope 
I. on the HSV-1 gl> portion of the gDCD^T -ol.cule) to glyceryl 
coated controlled pore glaa. by the -ethod of Roy .e .1.. 1M*. 
me concentrated cell culture fluid 1. appli-* Erectly to the 
column and the contacting protein, are waah.d a«.y with neutral 
p H buffer. The column is then wa.h.d with neutral buffer 
containing t.tra-.thyla^onlu. chloride followed by neutral buffet 
containing Tve.n 80. The bound gDCD^T 1. .luted fro, the colu» 
with buffer at pH3 containing Tw.en 80 (0.1% w/v) and is 
neutralized l-.dlat.ly as It is .luted. The .luted n.utrallr.d 
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gDCD4T I. th.n concentrated by ultrafiltration and 
dialyz.d/dl.filt.r.d co exchange the buffer for a physiological 
..It: solution confining ta. n 80 .c approximately 0.1% w/v. 

If the detergent 1. not pre.ent the gDCDAT form, aggregates 
„ evidenced by the ability of centrifug.tion at approximately 
10 000 Xg for 2 -mutes to re-ove the gDCD4T from the solution, 
incubation of gDCD4T at 4«C in 0 . 1M .odium acetate. 0.5M NeCl and 
0.25M tri. at pH 7 together with BSA. Tw.en 80 or glycerol as 
candidate stabilizers .howed that, in the absence of a .tablllzer 
th. gDCDAT gradually aggregated over the space of 12 daya to the 
point where only about 60-70% of the protein was soluble. However, 
use of 0.1% w/v Tween 80 or (0.5 mg/ml BSA ensured that about 100% 
or 80%. respectively, of the gDCDAT remained soluble over this 
period. Surprisingly glycerol was ineffective as a stabilizer and 
produced result. Inferior even to the control- at 8 day. about 80% 
of th. gDCDAT was aggregated when stored in the presence of 
glycerol . 

Plasmids were constructed to direct the expression of 
protein, containing differing lengths of the amino -terminal, 
extracellular domain of CD4 fused to the constant region of human 
Immunoglobulin 7 1. The.e plasmids are referred to as pRKCD4 2lp i. 
pRKCD4.4 7 i. pRKCD4 27 i. pRKCD4,2 7 l. pRKCD4 l7 i. and pRKCD4 el7l . 

Plaamid pRKCDA i7 i contains the portion of the CD4 gene from 
the initiation codon to the fusion site after the codon for serine 
reside 366 of the mature CD4 polypeptide, Immediately followed by 
the sequence coding for th. constant region of human Immunoglobulin 
7 1. starting at the codon for serine residue 1U of mature human 
Immunoglobulin 7 1 (Rabat ec al . ) . 

Plasmld pRKCD4. t7l contains the portion of the CD4 gene 
from th. initiation codon to the fusion alte after the codon for 
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lysin. re.idue 360 of the mature Ct>U polypeptide, immediately 
followed by the sequence coding for the constant region of human 
i-unoglobulin 7 1, .carting at the eodon for ..rim r..ldu. 114 of 
mature human immunoglobulin 7I (Kabat ec al.). 

5 Pla..td P RXCD4 27l contain, the portion of the CD4 gene fro. 

the initiation codon to the fusion .it. after the codon for 
glutamine residue 180 of the mature CD4 polypeptide, immediately 
followed by the .equ.nce coding for the consent region of human 
10 immunoglobulin 7 1. .tarting at the codon for .erine re.idue 114 of 

..cure human immunoglobulin 7I (Kabat .C al.). 

Pl.smid pRXCD4. 27 l contain, the portion of the CD4 gene 
from the initiation codon to the fusion .ite after the codon for 
15 leucine re.idue 177 of the mature CD4 polypeptide, immediately 

followed by the .equence coding for the constant region of human 
immunoglobulin ,1. .carting at the codon for ..rln. re.idu. 114 of 
M cure human immunoglobulin 7 1 (Kabat .c al.). 

20 ?la.mld pRKCD4 l7l contain, the portion of the CD4 gene from 

the iniclaclon codon to ch. fusion .it. after the codon for 
.spartic acid re.idu. 105 of ch. mature C04 polypeptide, 
immediately followed by the ..quenc. coding for the constant region 
of human immunoglobulin 7I. .tarting at th. codon for ..rlne 

25 re.idu. 114 of aatur. human immunoglobulin 7I (Kabac .t al.). 

Pla«mld pBXCD4, l7l concaln. the portion of che CD4 gene 
from the initiation codon to the fuaion .it. after Che codon for 
leucine re.idue 100 of th. mature CD4 polypeptide. Immediately 
30 followed by the .equence coding for the constant region of human 

Immunoglobulin 7 1. .tarting at ch. codon for serine residue 114 of 
macure human Immunoglobulin 7I (Kabat ec al . ) . 
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Con.tructlon of th... pi— UU r.qulr.d the prior 
construction of pi— Id pRKCD4TP/,l. It was constructed as 

follows : 

A cDNA clone coding for human Immunoglobulin ,1 was 
obtained fro- . human .pi— cOHA library (Clont.ch Ubor.torl... 
I„c ) ualng oligonucleotide, based on the published ..qu.nce 
(E ri.on .c ai.. "Nucl. Acids Res." lfi:4071-4079 (1982J). and an 
ficflRl-EMl fr.g«nt (the EfioRI .If was contributed by a Utter; 
.ee Fig 4..b) containing part of the variable and .11 of th. 
constant region w.s obt.ln.d. This fragment v.s blunted with 
Klenow fragment, and recovered by gel electrophoresis (Fr.g-.nt 
.1) . 

Pl.smld PRKCD4TP-UC. encoding . .ubstltutlonal variant of 
soluble CD* (residues 1-368) containing a ly.ln. r.sldu. Inste.d of 
asparaglne at position 1 of th. mature polypeptide, v.. construct^ 
froa plasaid pRKCMTP by slt.-dlr.ct.d mutagen..!.. A aynth.tlc 
oligonucleotide v.. made a. . prl-.r for . mut.g.n«.i. reaction to 
obtain th. dasired coding sequence. This -a. syhth..l*.d a. a 51- 
B .r which contained two sll.nt mutation, fro. th. natural s.qu.nc. 
in addition to th. .ub.tltutlon mut.tlon. and 21 ba... on ..ch .Id. 

of the mut.t.d codons: 

5 ' - CCC TTT TTT CCC CAC CAC CAC CTT CTT CCC CTG- 

ACT CCC TCC TCC CAC CAC -3' 

Plaaaid pRKCDATP was transformed Into E. coll .train SR101 
and the transformed colonies plated on amplclllln m.dl. plate. . 
Resistant colonies w.r. s.l.ct.d .nd grown in th. pr.s.nc. of 
.13K07 h.lp.r b.ct.rioph.g. to yield ..creted, enc.p.idated slngle- 
strand.d fmplate. of pRKCD4TP. Th. singl.-str.nd.d pla.mld DMA 
wa. l.olat.d and used a. the template for mutagenesis reactions 
with the synthetic oligonucleotides described above as primers. 
Th. «uca S .n..l. reaction w.s transformed E. coll SR101 .nd the 
transformed culture plated on amplclllln media pl.t... 
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Tr.naform.nr. -re scr..n.d by colony hybridization («£. 
Crunateln-Hogn...) for th. pr—nc. of th, appropriate sequence. 
ualng th. following 16 m.r as th. probe. 
5'- C CAC CTT CTT CCC CTC -3' 
3 Th. hybridization condition, cho.en were aufflclently stringent 

that th. prob. only dat.ct. th. corr.ctly fus.d product. Colonl.s 
identified a. po.itiv. were .elected and pl.aa.ld DNA was i.ol.t.d 
and transform^ Into £. coll -train SR101. The transformed 
culcur.s were plated on ampiclUin media pl.t.., .nd re.ist.nt 
10 colonies were a.l.ct.d and grown in th. pr...nc. of .13K07 

bacteriophage. Template, were prepared a. above and acr.en.d by 
sequencing. 

Plasmld pRKCD4TP-Vck wa« digested with Xbal .nd treated with 
Klenov Enzyme, and Fragment .2. containing the linearized plasmld 
v.. r.cover.d by g.l .l.ctrophor.sl. . and llgat.d with fragment .1. • 
Th. ligation mixture was transformed into E. coll strain 294, the 
transformed culture plated on amptcillln media plates and resistant 
colonies s.l.ct.d. Pl.«»ld DNA was pr.p.r.d fro. the transforms 
end checked by restriction analysis for th. pre.enc. of th. corr.ct 
fr.gment in the corr.ct ori.ntatlon (i.... th. immunoglobulin 
coding region in the same orientation as the CD4 coding region, .nd 
»t the 3' end of the CD4 coding region). This plasmld is referred 
to as pRKCD4TP/7l . 
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Synthetic oligonucleotides were made as primers for 
daletlonal mutagenesis reactions to fuse the appropriate coding 
.equences of IgGl and CD4 a. described above. These were 
synthesized as 48-mers comprising 24 nucleotides on each side of 
the desired fusion sic. (i.e.. corresponding to the COOH- terminal 8 
residues of th. de.ir.d CD4 mol.ty. and the NH 2 -«rminal 8 residues 
of the desired immunoglobulin moiety). Plasmld pRKCD4TP/il w.s 
transformed into E. coll strain SR101 and the transformed cultures 
placed on ampicllUn media places. Resiscant colonies were 
s.lect.d and grown in the presence of ml3K07 helper bacteriophage 
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t0 yl.ld s.cr.t.d. .nc.p.ldat.d .ln,l.-.tr.nd.d t.mpl.t.. of 
LkLtP/,1. Th. .ingl. strandad pl^U DMA va. l.ol.tad and us.d 
rT Uuc. for mut.,.n..i. —ton. vlth th. 
Ugonucl.otid.. d..crib.d abov. a. prl..r.. Th. -utag.^ 
5 r . tlon. «r. transform^ E. coll H101 and th. transfor-d 
1 put- on amplcillin madia pi- Tra^for-nt. 
,cr..n.d by colony hybridization (r.f. Grunat.ln.Hogn...) for th. 
..no. of th. approprl.t. fu.lon .It., using prob- 

Th... H-r. eomprls. 8 b n .ith.r .Id, of th. u.lon sit. 

l0 .nd th. hybridation condition, cho.an v.r. .ufflcl.ntly .tr ng.nt 

th.t th. prob.. only d.t.ct th. corr.ctly fus.d product. Coloni.. 
U.ntifi.d po.itiv. v.r. ..l.ct.d .nd plas.id DHA v.. l.ol.t.d 
.„ d tr.nsform.d into E. coli .train SR101. Th. trans or~d 
e.ltur.. w.r. pl.t.d on -plellll* «dU pLt... and r..l.tan 
l5 coloni.. v.r. ..l.ct.d .nd grown in th. pr...nc. of .13*07 

bact.riopha,.. T.nrpl.t.. w.r. pr.par.d a. abov. .nd .cr..n.d by 
»«qu«nclng. 

Th. pl.smld. w.r. transf.ct.d into 293 e.U. using standard 
proc.cur.. .nd ....yd for .xpr...ion .nd production .. <U.crib.d 

abovt . 
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pRKCD4 l7l 

25 pRXCD4,27l 
pRXCD4 2l i 

pRKCD4,4 7l * 
pRKCD4i, 7l + 



Pla.ald. .l.o v.r. constructed to dlr.ct th. .xpr...ion of 
fusion prot.ln. containing dlff.rlng l.ngth. of th. amino • t.rmln.1 . 
.xtr.c.llul.r domain of CD4 fus.d to th. trunc.t.d portion of ch. 
constant r.gion of human immunoglobulin 7 1. comprl.lng only th. 
hlng. r.gion and constant domains CH2 *nd CH3. 



35 



1 



WO 89/02922 



PCT/US88/03414 



10 



15 



20 



25 



30 



-49- 

Specie oligonucleotide w.r. -de .s primers for 
muC .gen.sl. r.accion. co delee. Che globulin ..au.nce from 
S.rll co cr.213 1-clu.iv. (Kab.t .c .1-). Th... w.r. 

.B-mer. comprl.lng U nucl.otld.. on ..ch .Id. of*..., 
fu .ion .ic. (I.-. cor,.ponding co th. COOH-c.rmlnal 
the d-sired CO. mol.cy. and the NH 2 -e.r.lnal 8 re.tdue. of ch. 
d..lt.d immunoglobulin moi.ev) . PU»ld. pKCD*4 T l. P*"^! «d 
Z " -re ..P-c.ly cr.nsfor.ed inco E.- «U .craln SR101 .nd 
" cllfor.ed culcure placed on -pUiUU -U pLe.. 
R eslscenc colonies were selecc.d .nd grown In ch. presence of 
helper b.cc.rioph.ge co yield ..cr.ced. encp.ld.ced . ngle- 
.tranded ceorpl.ee, of chese pl.smids . The .ingle-. cr.nded plasmid 
D NA was isol.ced .nd used Che C.mpl.ce for mucagen.si. reactions 
with che synthetic oligonucl.ocldes described .bove .s primer.. 
The muc.genesis reaccions -ere transformed E. coll SR101 .nd che 
transformed culcure pl.ced on .mplcillln m.dl. pl.ee.. 
Transforms were .cre.n.d by colony hybridation (Crunsteln- 
Hogne.s) for che presence of che .ppropri.ee fusion sice. u.ing 
U.er. .s probes. Th... U«« compri.e 8 base, on .ich.r -id. of 
the fusion .ice, «nd ch. hybridization condlcions cho.en were 
sufficiency scring.nc ch.c che prob.s only d.cecc th. corr.ccly 
fus ,d produce. Colonies idenclfl-d ., positive -.re sel.cc.d .nd 
plasmid DNA v., l.ol.ced .nd transformed Inco E. coll .craln SR101. 
The transformed cultures were pl.ced on amplclllin medi. pl.ces. 
and resistant colonies were selected and grown in the pr.s.nce of 
.13K07 bacterioph.ge. Templ.tes were prepared a, above and 
screened by sequencing. 

The plasmld derived from plasmid pRKCD4 4 -,l *■* referred to 
as pRKCD^Fel. «*« derived from plasmid pRKCD^ is referred to 
as pRKC04 2Fcl and that derived from plasmid pRKCW l7l is referred 

to as pRXCD4 1Fc i. 
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pRKCD4 2Fcl . PRKC^ 1FC 1 «- P^D4 4Fcl «. cultur.d in th. 
..me feahion a. ascribed abov. and CHLdsl.ted CD. io BI uno.dh..on. 
recovered a. described .l.ewhere herein. 

5 ^^^.r. con.cruc.ed to direct the .xpre.slon of 

proc.in. containing differing length, of the enlno c.r.ln.1. 
extracellular domain of CD4 fused to th. consent region of human 
1-unoglobulln The.. pU-1* «. referred to a. pHKCD^. - 

10 pRKCD4 e4(l . 

Ple.mid P RKCD4 4jt contain, the portion of the CD4 gene fro. 
the initiation codon to th. fusion .It. after th. codon for serine 
residue 366 of th. mature CI* polypeptide. immediately follow.d by 
15 ch . ..qu.nc. for th. constant r.glon of human Immunoglobulin 

parting at the codon for thr.onln. residue 109 of the nature human . 
immunoglobulin *. (Ksbat ec al . ) 

Plaamid pWCCI*.*, contain, the portion of the CD4 gene fro. 
20 the initiation codon to the fusion .it. aft.r th. codon for ly.ln. 

r..ldu. 360 of th. natur. CM polyp.ptld.. ii.dlat.ly follow.d by 
the ..quenc. for th. conacanc r.gion of human immunoglobulin «. 
.carting at eh. codon for thr.onln. r.sidu. 109 of th. natur. hunan 
immunoglobulin *. (Kabat ec al.) 

The.. pl«.«lds were construcc.d In a nanner analogous Co 
pl U .lds P RXCD4 47l and pKCDW de.crlbed .above, with th. 
following exception: 

Th. human immunoglobulin « coding ..quence (Fig. 5) was 
obtained fro. a hunan .pl.en cDNA library (Clont.ch Laboratories . 
Inc.) using oligonucleotide, based on the published s.qu.nce 
(Hiecer. P. A. ec al-. Cell (1980)) and an EcoRI-ftafiKI 

fragment containing part of th. v.rlabl. r.gion and th. entire 
3 s constant region wa. obcaln.d (see Fig. 5). This fr.gnenc was 
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blunt.d with Klanov fragment and the four OTP.. Thl. »« 

used instead of fragment al. and wa. used to construct plas.id 
pRKCD4TP/h* . 

firnrr T a< " n <n rH0 Cellfl 

Plesmlds were or are constructed to direct the expression 

of the l«runo.dh..ons described above in CHO ells. These are 

referred to as pSVeCD4 47l SVDHFR . p.SVeCD4 27l SVDHFR . 

pS VeCD4 l7l SV0HFR. pSV.CD4. 47l SVDHFR . pSVCD4. 27l SVDHFR . 

pSV.CD4 el7l S70HFR, P SVeCD4 4Fel SVDHFR, pSV.CD4 2Fcl SVDHFR. 

P SVeCD4 1Fcl SVBHFR, pSVeCD4 4(t SVDHFR end P SVeCD4 2)C SVDHFR . 

Fragment 31 was prepared as described above. Fragment 32a 
was prepared by digesting plas«ld ,E34SHBV . E400 D22 with fiamHl. 
blunting with Klenov fragment and the four dNTPs. then digesting 
with Za»I and Isolating the large fragment containing the balance . 
of the ^lactamase gene and the SV40 early promoter and the DHFR 
gene. Plesmids pRKCD4 47l . pRKCD4 27l . pRKCD4 l7l . pRKCD4 e47l . 
pRKCD4. 27 i. P RKCD4 el7l . pRKCD4 4Fcl . P RKCD4 2Fcl . pRKCD4 lFcl , 
pRKCD4 4(t and pRKCD4 2)( were separately digested with HiadXII. 
blunted with Klenow fragment and the four dNTPs. then digested with 
fiEaRI and the fragments encoding the CD4-lg fusion protein were 
Isolated. The resulting DNA fragments were llgated together with 
fragments 31 and 32a and transformed into £. coll strain 294. 
Colonies were selected and checked for the presence of the correct 
plasmld as above, then transfected Into CHO cells and amplified by 
methotrexate selection using conventional procedures. 

E««nrole 5 

( ; v ln,r> M r lflrTlon « n fl ^""milarlon of CD4 variants 

Plasmlds encoding soluble CD4 adhesons such as CD4T. CD4TP. 
or soluble CD4 lamunoadhesons were calcium phosphate trensfeeted 
Into CH0-DP7 (a prolnsulln- transformed autocrine host cell derlvad 
from CHO: U.S. S.N. 97,472) and the transformants grown in selective 
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„ llu . a, » «• — « 1 ■ ?.u. :; 

insoluble matter by centrifuglng. 

Culture fluid from CD4TP transf ormants va. concentrated and 
dU fllt.red to lower the Ionic strength. The •« 
passed through a large volume of Q-Sepharose anion exchange J U 
(previously equilibrated with 25 «H HaCl . pH 8.5) in order « 
Tor con— s from the culture fluid. The 

.f CD4TP is about 9.5. thus mating it possible to discriminate . 
b .cv.en treated forms of CO. and most contaminant, by alternate 
..sorption, respectively, on a cation exchange resin .uch a. 
carboxymethyl or .ulfonyl Sepharo.e. and an anion exchange res in 
such as quaternary ammonium Sepharo.e. In addition, .inc. highly 
electropositive domains are present in the extracellular a.gment of 
CD4 any CD4- containing variant is purified in the same fashion as 
CD4TP The unadsorbed culture fluid from the anion exchange resin 
sce p was then passed through a cation exchange resin (pr.viou.ly 
equilibrated with 25 mK NaCl at pH 8.5) wh.reby CD4TP wa. adsorbed 
co the resin. The CD4TP was eluted with a N.C1 gradient at pH 8.5. 
this CD* variant .luting at about 0.2 H N.C1. Ammonium .ulf.te was 
ad aed to the eluat. to a concentration of 1.7K end the. solution 
pas.ed through a column of hydrophobic interaction chromatography 
resin (phenyl or butyl S.ph.rose) . The CD4TP was eluted from the 
hydrophobic infraction column with a gradient of ammonium sulfate, 
che CD&TP .merging at about 0.7H ammonium sulfate. The eluat. was 
concentrated and buffer exchanged on a G-25 column using phosphate 
buffered saline containing .02 % (w/v) T-een 20 or Tween 80. The 
CD.TP was soluble and stable in this solution, which was sterile 
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glycol. 

It 1. .l»o possible to .-ploy immuno.fflnicy purlflc.tion 
of soluble CD* wherein the CD4 1, adsorbed onto an 1-obllU.d 
Inclbody egalnsc CD*. Thl, «chod suff.rs fro. che dl..dv.nc. g e 
t; eluclon of ch. .olubl. CD4 under -Idle conditions l..ds Co 

ot.in . g8 r. S aclon that Is only thoroughly 
relatively higher level, of surface. The foregoing procedure 
permlcs che u,e of much lower ouanclcies of surf. cent, .bout from 
0.01 co 0.10 % (w/v) surf.ccanc. 

The procedure followed for the purification of CDA fusions 
with immunoglobulin heavy chain was Co concentrate recombinant . 
.up.rnac.nc. by ulcraf llcraclcn and ch.r.afcer adsorb the fusion 
onco resin- immobilized Scaphylococcal protein A. Th. fusion v.. 
sluced wich 0.1K cicrace buffer pH 3 with no sale or dec.rg.nc. 
This preparaclon is buffered into Tris buff.r at pH 7 . 5 . The 
Immunoglobulin fusions wich CD* Vl-VA optionally are further 
purified by che procedure described above for unfua.d CD4 variants. 
CDA immunoglobulin fusions with CD* VI-V2 also -ay be purified by 
che procedure above, excepc chac ic is noc expecced chac the 
i.oel.ccric potnc of chls class of molecules will be as alkaline as 
thac of species containing all four V regions of CD*. 

F»»mile 6 

The characceriscic. of ..v.r.l adh.son variants were 
determined As shown in cable U the immunoadhesons Cl* fc7 i «nd 
CD4 27l show improved plasm, half-lif. In rabbles, coupled wich 
hlgh-affinlcy gpl20 binding .nd an afflnicy for Fc 7 r.cepcor 
(determined with U937 cells) that is comparable co chac of bulk 
hmun IgGl . 
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Table 4 

FciR KD <nM) H 



Plum* Half-Life** 

ffafflririi ™ r ' ^ 



CD4T § 
CD4 a7 i 

human IgGl 



2.3 ± 0.4 
1.2 ± 0.1 

1.4 ± 0.1 
ND** 



Not detected 

2.83 ± 0.25 
3.01 ± 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 
21 day/ 



* determined In humane 

♦ KB vu determined by the -thod of Ander.on ec el.. 

Immunol . " Ui:2735-2741 (1980). 

• determined by the method of Smith at el.. "Science- 114:1704-07 

(1987). 
§ residues 1-368 only 

presence of the edheeon variant. 

♦♦Not done. 
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10 



15 



20 



25 



30 



T^cl.lc «U encoding .n amino acid .equ.nc. variant of an 
*dhe«on. 

2 . Th. nucleic acid of claim 1 -h.reln adhe.on 1. . CD* 

polypeptide . 

3 The nucleic .eld of eUi. 2 wherein the v.ri.nt i. a CD* 
polypeptide in which nucleic acid encoding the transmembrane 
domain has been modified whereby the CI* polypeptide encoded 
thereby contain, en in.ctiv.ted transmembrane domain. 

4 The nucleic .cid of claim 3 wherein the transmembrane 

has been in.ctlv.ted by it. deletion or by .ub.tltuting for 
che crensmembrane domain .n amino .cid .equenc. having . 
Bubst.nti.lly hydrophllic hydropathy profile. 

5 The nucleic acid of claim 2 wherein th. variant compri... a 
fusion of (a) . polypeptide different fro. th. CD* and (b) a 

CD4 polypeptide. 

The nucl.ic acid of claim 5 wherein the polypeptide different 
froa the CD* bears a non-CD* immune epitope. 

The nucl.ic .cid of cl.im 6 wherein th. polypeptide different 
froa CI* 1. fu..d to the amino or carboxyl t.rmlnu. of matur. 
CD* and the tran.membran. domain of CD* ha. been inactivated. 

Th. nucl.ic .cid of cl.i» 5 wh.r.in the different polypeptide 
comprises . signal sequence. 

The nucleic acid of claim 5 wherein the different polypeptide 
contains .bout froa 5 to 1000 residues. 



6. 



8. 



9. 
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10 Th. nucl.tc acid of claim 9 -herein th. dtff.r.nc polypeptide 
I. eapable of •Uclcing • humoral immune response In an 

animal. 

U. Th. nucleic acid of claim 10 wherein the different polypeptide 
1, « viral polypeptide or «n allergen. 

12 Th. nucleic acid of claim 5 wherein the different polypeptide 
ts a hu^ plaam- protein having a plaara. half life greater 
than from which th. transmembrane domain ha» been deleted. 

13 The nucleic acid of claim 12 wherein the variant li a fuaion 
of a polypeptide comprl.lng at least on. V-lilc. domain of CDA 
fused with a polypeptide comprising an immunoglobulin constant 

domain. 



14. 



15. 



16. 



The nucleic acid of cltin 1 wherein the adheson is CD4, CDS or 
the high affinity IgE receptor. 

The nucleic acid of cUU 2 wherein the variant consists 
essentially of the V x through V 4 or V x through V 2 regions of 
the Ct>4 antigen. 

The nucleic acid of claim 2 which consists essentially of the 
Ct>4 insert of pCD4ANla. 



17. The nucleic acid of claim 12 wherein che differenc polypepcide 
is albumin, apolipoprotuin or transferrin. 

16. The nucleic acid of claim 8 wherein the signal sequence is a 
bacterial signal sequence. 

19. The nucleic acid of claim 15 wherein the variant consists 
essentially of CD4 residues 1-368. 




PCT/USS8/03414 



-57- 

M. Th. nucl.lc «ld of claim 15 "h.r.in th. variant consist. 
tiMielilly of CDA r.iWu.i 1-180. 

21 Th. nucl.lc acid of claim 13 vh.r.ln th. i-unoglobulln 
constant douln 1. th. constant domain of an IgC h..vy chain. 

22 . The nucleic .cid of eUi. 5 wh.r.ln th. dlff.r.nt polyp.ptid. 
is « cytotoxic polypeptide. 

23. The nucl.lc acid of eUU 5 wh.r.in th. cytotoxic polypeptide 
Is che dipcheria coxin A. 

2 U. A composition comprising an adhe.on amino acid s.qu.nc. 
variant which is incapabl. of cell membrane anchor.g.. 

25 The composition of cl.l» 24 vh.r.ln th. adh..on variant 
compris.s a CD4 «ino acid ..qu.nc. c.pabl. of binding gpl20. 

26 The composition of claim 25 further cot.prl.lng an ag.nt for 
inhibiting th. aggr.gatlon of th. variant ..l.ct.d fro. th. 
group of a pr.d«t.nnlned prot.ln and a surfactant. 

27. Th. composition of claim 26 wherein the agent is a 
surfactant. 

28. Th. composition of claim 27 vh.r.ln th. surfactant 1. Tw..n 60 
or Tw«en 20 . 

29. Th. composition of claim 25 vher.ln th. CD4 tr.ns».«br«n. 
domain ha. be.n d.l.t.d or ha* b..n substituted for by an 
»ino acid s.qu.nce having a .ub.cantlally hydrophillc 
hydropathy profile. 

30. Th. composition of claim 29 which Is st.rll. and which further 
compris.s . physiologically acceptable carrl.r. 



-5»- 



31- 



of clMim 25 ****** 



32- 




lidoe of data 32 



its BB- 



of * 



of cloia 33 



la 



35. 



pasldda of dala 33 



20 



ildoA of clila 31 



is im 



fan of * 



37. 



•f cIaI* 36 



of * CM V-Uto 



35 



Bidon of claim 31 

mDOloC&ZJg of 



(d> 



ACt-vaCs-iACa. *Cl-*c«. « Vs.- 1 **:) : 



^.Ct-^-l-CB. *Cj.-*««. *Cl-*h£«. Vl-VW: 



or 
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wharain A li 1 C04 p lypaptida c ntaining a CD4 variabla 
ragion-lika doaain; V L , V H , C L and C H rapraaant light or haavy 
chain variable or conacant doaaina of an laaunoglobulin; n la 
an intagar; and Y daalgnataa tha raaidua of a covalanc croaa- 
linking agant. 

Tha coapoaition of claim 36 wharain tha V L and V H doaaina ara 
capabla of binding a pradatarminad antigan. 

40. Tha coapoaition of claia 31 wharain tha iawmoglobulin 
aaquanca if obtainad froa lgCl ( XgG2, IgG3, IgC4, IgA, IgE, 
IgD or IgM. 

41. Tha compoaition of claia 23 wharain tha variant eoaprlaaa a 
polypaptida diffarant froa CD4 which ia noniaawnoganic in 
huaana . 

42. Tha coapoaition of claia 41 wharain tha variant eoaprlaaa a 
polypaptida which la iaaunoganic in humana. 

43. Tha coapoaition of claia 41 wharain tha variant coapriaaa a 
polypaptida having a huaan plaaaa half Ufa which la graatar 
than about 20 houra. • - 

44. Tha coapoaition of claia 41 wharain tha variant coapriaaa a 
huaan tranafarrin, apoiipoprotain or albuain polypaptida. 

45. Tha coapoaition of claim 23 wharain tha variant coapriaaa a 
cytotoxic polypaptida. 

46. Tha coapoaition of claia 45 wharain tha cytotoxic polypaptida 
la ricin A chain or diptharia toxin A. 

47. A polypaptida coapriaing a CD4 aaino acid aaquanca capabla of 
binding gp!20 which la croaa-linkad to (a) polypaptida having 
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a plasma half Ufa of greater than about 20 hour, or (b) a 
cytotoxic polypeptide . 

48. The polypeptide of claim 47 wherein the polypeptide of (a) is 
transferrin, an apolipoprotein or albumin. 

49. The polypeptide of claia 47 wherein the cytotoxic polypeptide 
is cross -linked to the CD4 variable-like domain by a 
bifunctional cross -linking agent. 

50. A method for preparing an adhaaon variant comprising 
transfecting a hose cell with the nucleic acid of claia 1. 

51. A. method for preparing an adheaon variant comprising 
15 recovering the variant from the culture of a host cell 

cransfected with the nucleic acid of claia 1. 

52. The method of claia 51 wherein the adheaon is CD4 and the 
variant is recovered from the culture medium of the host cell 

20 or from the cell itself. 

53. The method of claia 52 wherein the variant is recovered by 
adsorption onto a cation exchange resin. 

25 54. The method of claim 53 wherein the variant is recovered by 

adsorption of contaminants onto an anion exchange resin. 

55. The method of claim 52 wherein the variant Ucks a functional 
transmembrane domain. 



30 



56. The method of claim 52 wherein wherein a salt is added to the 
culture medium to occupy charged domains of the variant, the 
resulting solution is contacted with a hydrophobic affinity 
chromatography resin to adsorb the variant, and the variant 
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.lut.d from th. r..ln by v-hing th. r.aln with a declining 
grtdiant of «a1c. 

The ..thod of claim 52 vh.r.in th. variant I. r.cov.r.d by 

iBOunoaffinlty chromatography. 

Th, ..thod of claim 57 vh.r.in th. i-unoaffinity 
chromatography 1. dlr.ct.d agait-t * polypeptide dlff.r.nt 
from CD4 which Is fua.d to C04. 

A method for th. tr.atm.nt of an HIV lnf.ctlon comprl.lng 
.dmlni.t.ring « • P«** nC lnfec " d wlth MV * th.r«p«uelclly 
effective do.e of an amino acid ..quanc. variant of CD4. 

A replicable vector comprising th. nucl.lc acid of claim 1. 
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cell. vol. 42. no. 1. August 1JJS. ^ 
LcieXtdTsea^nce ^ . =DKA _ encoding 
the T cell surface protein T4: a new 
member of the immunoglobulin gene 

JSi&riV.SJ.eJiily fragment T4B 
, (cited in the application) 

* ^^^^^^^tT^^ 1387 

?5sTs.J. Clark et al.: 
and nucleotide sequences of rat CD4 
(W3/25) antigen: evidence for aeriyatiou 
i a strucLe with «°ur immunoglobulin 
-related domains", pages 1649-16d3, 
see figure 3 

1 88/01304 (THE TRUSTEES OF COLUMBIA 
W °' UNIVERSITY IN THE CITY OF NEW YORK) 
25 February 1988, see pages 69-75, 
examples 3-6 
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1 ^Zt y^ft 18 December 1987 , 

X,P i Science vol. 6 .? Blocking c f HIV-l 

see the whole article 
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please see Rule 39.1 (iv) - PCT: 

Methods for treatment of. the human or animal body by surgery 
or therapy, as well as diagnostic mehtods. 
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